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PHARMACEUTICAL COMPOSITIONS INCORPORATING 
ARYL SUBSTITUTED OLEFINIC AMINE COMPOUNDS 



Background of the Invention 

The present invention relates to pharmaceutical compositions, 
and particularly pharmaceutical compositions incorporating compounds which 
are capable of affecting nicotinic chlorinergic receptors. The present 
invention also relates to.methpds for treating^ wide variety of conditions and 

Lwsor 



wWth 

have a number of 
i^fSlaSffiSl^ Piillan et al. N. Engl J. Med 
may-tere^ 
^^0mM^Brai^ Res. 04:295 
owrtwrtfaeaie proposed. Release of 
i aaraihistration of pa^fits 
; papier et'ftl.,^ 




. J3:1593(, 



Neurochem. 



); Sandor et al., Brain Res. 567:313 (1991) and 
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Vizi, 5r. J. Pharmacol 47:765 (1973). Release of norepinephrine by neurons 
upon administration of nicotine has been reported by Hall et al., Biochem. 
Pharmacol 21:1829 (1972). Release of serotonin by neurons upon 
administration of nicotine has been reported by Hery et al., Arch Int 
5 Pharmacodyn. Ther. 296:91 (1977). Release of giutamate by neurons upon 
administration of nicotine has been reported by Toth et al., Neurochem Res. 
17:265 (1992). In addition, nicotine reportedly potentiates the 
pharmacological behavior of certain pharmaceutical compositions used for the 
treatment of certain CNS disorders. See, Sanberg et al., Pharmacol Biochem, 

10 & Behavior 46:303 (1993); Harsing et al., J. Neurochem. 59:48 (1993) and 
Hughes, Proceedings from Ml Symp. Nic. S40 (1994). Furthermore, various 
other beneficial pharmacological effects of nicotine have been proposed. See, 
Decina et al., Biol Psychiatry 28:502 (1990); Wagner et al., 
Pharmacopsychiatry 21:301 (1988); Pomerleau et al., Addictive Behaviors 

15 9:265 (1984); Onaivi et al., Life Set 54(3):193 (1994) and Hamon, Trends in 
Pharmacol Res. 15:36. 

Various nicotinic compounds have been reported as being useful 
for treating a wide variety of conditions and disorders. See, for example, 
Williams et al. DN&P 7(4):205-227 (1994), Arneric et al., CNS Drug Rev. 

20 l(l):l-26 (1995), Arneric et al., Exp. Opin Invest. Drugs 5(1):79-100 (1996), 
B^cM^ et,d., JP^r 279:1413 (1996), Lippiello et al., JPET 279:1422 

Dull et al., and 5,604,231 to Smith 
I^iP?J>3J^Q/ ejp^pq^juxds are particularly useful for treating a wide variety 
t qf ftpyo.us System (CNS) disorders. 

^ J4i ^ a type of netirolpglod border. ,CNS 

^^Slg.induced; can be attributed tp^genetiq >pm4isppsitip^ 




^tuma ; or can be of unknown etiology. CNS disorders comprise 
:prders, neurological diseases and mental iUhesses; and 
iMI^y^ diseases, behavioral 4i$P^J^»4 ?8^1tiye disorders 



and cognitive affective disorders. There are several CNS disorders whose 
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clinical manifestations have been attributed to CNS dysfunction (i.e., disorders 
resulting from inappropriate levels of neurotransmitter release, inappropriate 
properties of neurotransmitter receptors, and/or inappropriate interaction 
between neurotransmitters and neurotransmitter receptors). Several CNS 
disorders can be attributed to a cholinergic deficiency, a dopaminergic 
deficiency, an adrenergic deficiency and/or a serotonergic deficiency. CNS 
disorders of relatively common occurrence include presenile dementia (early 
onset Alzheimer's disease), senile dementia (dementia of the Alzheimer's type), 
Parkinsonism including Parkinson's disease, Huntington's chorea, tardive 
dyskinesia, hyperkinesia, mania, attention deficit disorder, anxiety, dyslexia, 
schizophrenia and Tourette's syndrome. 

Senile dementia of the Alzheimer's type (SDAT) is a 
debilitating neurodegenerative disease, mainly afflicting the elderly; 
characterized by a progressive intellectual and personality decline, as well as a 
loss of memory, perception, reasoning, orientation and judgment. One feature 
of the disease is an observed decline in the function of cholinergic systems, 
and specifically, a severe depletion of cholinergic neurons (Le., neurons that 
release acetylcholine, which is believed to be a neurotransmitter involved in 
learning and memory mechanisms). See, Jones, et aL, Intern. J. Neuroscl 
50:147 (1990); Perry, Br. Med Bull 42:63 (1986); and Sitaram, et aL, Science 
201:274 (1978). It has been observed that nicotinic acetylcholine receptors, 
which bind nicotine and otte^^ 

depleted during the progression of SDAT. See, GiacdBiiii, J. Neuroscl Res. 
27:548 (uto); andlta^^ 

seem desirable to provide thet^utic wmipo^^ directly activate 

nicotinic receptors in place of acetylcKolii^ bFact to iftininM& the loss of 
those nicotinic receptors. 

Certain attempts have been mScle to tteat?S®M\ Tor example, 
nicotine has been suggested to p6S^^*ah ISSility to acti^^iS^Mife 
cholinergic receptors upon acute administration, and' to elicit an increase in tile 
number of such receptors upon chronic administration to animals. See, 
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Rowell, Adv. Behav. Biol 31:191 (1987); and Marks, J. Pharmacol Exp. 
Ther. 226:817 (1983). It also has been proposed that nicotine can act directly 
to elicit the release of acetylcholine in brain tissue, to improve cognitive 
functions, and to enhance attention. See, Rowell, et al., J. Neurochem. 
43:1593 (1984); Sherwood, Human Psychopharm. 8:155 (1993); Hodges, et 
al., Bio. ofNic. Edit, by Lippiello, et al, p. 157 (1991); Sahakian, et al., Br. J. 
Psych 154:797 (1989); and U.S. Patent Nos. 4,965,074 to Leeson and 
5,242,935 to Lippiello et al. Other methods for treating SDAT have been 
proposed, including U.S. Patent Nos. 5,212,188 to Caldwell et al. and 
5,227,391 to Caldwell et al., European Patent Application No. 588,917 and 
PCT WO .96/30372. Another proposed treatment for SDAT is COGNEX®, 
which is a capsule containing tacrine hydrochloride, available from Parke- 
Davis Division of Warner-Lambert Company, which reportedly preserves 
existing acetylcholine levels in patients treated therewith. 

Parkinson's disease (PD) is a debilitating neurodegenerative 
disease, presently of unknown etiology, characterized by tremors and muscular 
rigidity. A feature of the disease appears to involve the degeneration of 
dopaminergic neurons (i.e., which secrete dopamine). One symptom of the 
disease has been observed to be a concomitant loss of nicotinic receptors 
which are associated with such dopaminergic neurons, and which are believed 
to modulate the process of dopamine secretion. See, Rinne, et al., Brain Res. 
54:167 (1991) and Chwrk, etaL, Br, J. Phqrnu 85:827 (1985). ft i^teg bten 
proposed that nicotine can, ameliorate the symptoms of PD. JMfcet 
Rev. Neurosci. 3(1):25 (199?). 

Certain attempts have been made to treat PD. On^rQgosea 

mam, .ftr ^1^^ 



Merck P^(|inma(^^p|l Co. Mother proposed : .|^^ot 
ELDEPRYL®, which is a tablet contjEunrng selefitoe 
from Somerset Pharmaceuticals. Inc. Another, 



PARLODEL , which is a tablet containing bromocriptine mesylate, 
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from Sandoz Pharmaceuticals Corporation. Another method for treating PD 
and a variety of other neurodegenerative diseases has been proposed in U.S. 
Patent No. 5,210,076 to Berliner et al. 

Tourette's syndrome (TS) is an autosomal dominant 

5 neuropsychiatry disorder characterized by a range of neurological and 

behavioral symptoms. Typical symptoms include (i) the onset of the disorder 
before the age of 21 years, (ii) multiple motor and phonic tics although not 
necessarily concurrently, (iii) variance in the clinical phenomenology of the 
tics, and (iv) occurrence of quasi daily tics throughout a period of time 

10 exceeding a year. Motor tics generally include eye blinking, head jerking, 
shoulder shrugging and facial grimacing; while phonic or vocal tics include 
throat clearing, sniffling, yelping, tongue clicking and uttering words out of 
context. The pathophysiology of TS presently is unknown, however it is 
believed that neurotransmission dysfunction is implicated with the disorder. 

15 See, Calderon-Gonzalez et al., Intern. Pediat. 8(2): 176 (1993) and OXFORD 
Textbook of Medicine, Eds. Weatherall et al., Chapter 21.218 (1987). 

It has been proposed that nicotine pharmacology is beneficial in 
suppressing the symptoms associated with TS. See, Devor et al., The Lancet 
8670:1046 (1989); Jarvik, British 1 of Addiction 86:571 (1991); McConville 

20 et al., Am. J. Psychiatry 148(6):793 (1991); Newhouse et al., Brit J. Addic. 

86:521 (1991); McConville et el., BioL P^cWa^ 31:832 X1992); and Sanberg 
et aU PKomdings from Intl. Svmp^m c..^Jti®M, I tw^.im been 
praised to ^ 

McNeiLPhaumaceutical; CATAPRES® ** ' * ** 

25 Boeluiigyger togelhejfoi Phannaoeuticals. Iac^ Q^^^, ^^'Sl^^ 5 ^^ 55 ^^ 




KLONOPIN* whi<ilx is 

Attention deficit 

3& utidMil^^ 




Vinson, Arch Fam Med. 3(5):445 (1994)n^cM& I Psychiatry NeuroscL 
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19(3):193 (1994); Faraone et al., Biol Psychiatry 35(6):398 (1994) and 

Malone et al., 1 Child Neurol 9(2):181 (1994). Subjects suffering from the 

disorder typically have difficulty concentrating, listening, learning and 

completing tasks; and are restless, fidgety, impulsive and easily distracted. 

Attention deficit disorder with hyperactivity (ADHD) includes the symptoms 

of ADD as well as a high level of activity (e.g., restlessness and movement). 

Attempts to treat ADD have involved administration of DEXEDRINE®, which 

is a sustained release capsule containing dextroamphetamine sulfate, available 

from SmithKline Beecham Pharmaceuticals; RITALIN®, which is a tablet 

containing methyiphenidate hydrochloride, available from Ciba Pharmaceutical 

Company; and CYLERT®, which is a tablet containing premoline, available 

from Abbott Laboratories. In addition, it has been reported that administration 

of nicotine to an individual improves that individual's selective and sustained 

attention. See, Warburton et al., Cholinergic Control of Cognitive 

Resources, Europsychobiology, Eds. Mendlewicz, et al., pp. 43-46 (1993) 

and Levin et al. Psychopharmacology 123:55-63 (1996). 

* 

Schizophrenia is characterized by psychotic symptoms including 
delusions, catatonic behavior and prominent hallucinations, and ultimately 
results in a profound decline in the psychosocial affect of the subject suffering 
therefrom. Traditionally, schizophrenia has been treated with KLONOPDSf®, 
which is av^!^ available from 

containing ehlor prom^^ Beecham 
Phwmacgutii 
available firc 
efife 



nei^leptics are believed to be 
dopaminergic pathways of 
^e^^In^^^|g^^^^p^UP^|sed by individuals 
suffeimg l ^m^S Stt^^^^^ ^^^p d. See, Lieberman et al., 

Amer. J. Psychiatry 150:546 
itive in effecting 

neurotransmitter dysfundtion associated with schizophrenia. See, Merriam et 




is a tablet containing clozapine, 



WO98/37071 PCT/US98/03091 

-7- 

al., Psychiatr. Annals 23:171 (1993).<and Adler et al, Biol Psychiatry 32:607 
(1992). See also Freedman et al., Proc. Natl. Acad Sci 94:587-592 (1997). 

It would be desirable to provide a useful method for the 
prevention and treatment of a disorder by administering a nicotinic compound 

5 to a patient susceptible to or suffering from such a disorder. It would be 

highly beneficial to provide individuals suffering from certain disorders (e.g., 
CNS diseases) with interruption of the symptoms of those disorders by the 
administration of a pharmaceutical composition containing an active ingredient 
having nicotinic pharmacology and which has a beneficial effect (e.g., upon 

10 the functioning of the CNS), but which does not provide any significant 

associated -side effects (e.g., increased heart rate and blood pressure attendant 
with interaction of that compound with cardiovascular sites). It would be 
highly desirable to provide a pharmaceutical composition incorporating a 
compound which interacts with nicotinic receptors, such as those which have 

15 the potential to affect the functioning of the CNS, but which compound does 
not significantly affect those receptors which have the potential to induce 
undesirable side effects (e.g., appreciable pressor cardiovascular effects and 
appreciable activity at skeletal muscle sites). 



20 



Summary of the Invention 

1^1^^ a^Lsubstituted olefiriic amine 

r ^e^eftil for J^^^^^^P^ or 

ect,, the pi^ent invention i^Jates to pharmaceutical 
^p ctive amounts of compounds of the present 

\y acting as a therapeutic agent in the pirevoition or 

Ji invention relate^ to a method for 

30 pipviciing prevention or treatment of central nervous system (CNS) disorders. 



25 
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In particular, the method involves admiiiistering an aryl substituted olefinic 
amine compound according to the present invention. 

The pharmaceutical compositions of the present invention are 
useful for the prevention and treatment of CNS disorders. The pharmaceutical 
compositions provide therapeutic benefit to individuals suffering from certain 
CNS disorders and exhibiting clinical manifestations of such disorders in that 
the compounds within those compositions have the potential to (i) exhibit 
nicotinic pharmacology and affect nicotinic receptors sites in the CNS (e.g., 
act as a pharmacological agonist to activate nicotinic receptors), and (ii) elicit 
neurotransmitter secretion, and hence prevent and suppress the symptoms 
associated with those diseases. In addition, the compounds are expected to 
have the potential to (i) increase the number of nicotinic cholinergic receptors 
of the brain of the patient, (ii) exhibit neuroprotective effects and (iii) not 
provide appreciable adverse side effects (e.g., significant increases in blood 
pressure and heart rate, and significant effects upon skeletal muscle). The 
pharmaceutical compositions of the present invention are believed to be safe 
and effective with regards to prevention and treatment of CNS disorders. 



Detailed Description of the Invention 

The compounds of the present invention include compounds of 



20 the formula I: 



A' ffV 




y 




wher e X is nitrogen or carbon bonded to a substituent species characterized as 
Jjgjj||..f §igma m value greater thanO, pjten^greater Aan.P,|, and j^erjUy , 
greating than 0.2, and even greater than 0.3; less than 0 and generally less 
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than -0.1; or 0; as determined in accordance with Hansch et aL, Chem. Rev. 

91:165 (1991); n is an integer which is 1, 2, 3, 4, 5, 6, 7, or 8, preferably is 1, 

2, or 3, and most preferably is 2 or 3; E' represents hydrogen or lower alkyl 

(e.g., straight chain or branched alkyl including C r C 8 , preferably C,-C 5 , such 

as methyl, ethyl, or isopropyl) or halo substituted lower alkyl (e.g., straight 

chain or branched alkyl including C^Q, preferably C r C 5 , such as 

trifluoromethyl or trichloromethyl), but preferably is H; E" represents lower 

alkyl (e.g., straight chain or branched alkyl including C,-C 8 , preferably Cj-Cj, 

such as methyl, ethyl, or isopropyl) or halo substituted lower alkyl (e.g., 

straight chain or branched alkyl including C r C g , preferably C r C 5 , such as 

trifluoromethyl or trichloromethyl); Z' and Z" individually represent hydrogen 

or lower alkyl (e.g., straight chain or branched alkyl including C r C 8 , 

preferably C,-C 5 , such as methyl, ethyl, or isopropyl), and preferably at least 

one of Z' and Z" is hydrogen, and most preferably Z' is hydrogen and Z" is 

methyl; alternatively Z' is hydrogen and Z" represents a ring structure 

(cycloalkyl or aromatic), such as cyclopropyl, cyclobutyl, cyclopentyl, 

* 

cyclohexyl, cycloheptyl, adamantyl, quinuclidinyl, pyridinyl, quinolinyl, 
pyrimidinyl, phenyl, benzyl (where any of the foregoing can be suitably 
substiuted with at least one substituent group, such as alkyl, halo, or amino 
substituents); alternatively Z', Z", and the associated nitrogen atom can form a 
ring structure such as aziridinyl, azetidinyl, pyrollidinyl, piperidinyl, 
piperaanyl, or morpHoliiiyl; A, A'^and A" individually represent ^jl^^; 
halo (e.g., F, CI, Br, or J), alkyl /e.g., lower straight cMh or 



alkyl, but prefi^bly mettiyl or ethyl), or NX J/ X W where X' 



ini&vi^ualfy Eyclrdgen or lower aB^I^ prefer^ly 



structure reph^ 

p is 0, E" is ft^ fr^^^pifiS if V^S#lffW^ra^ 
positioned. iSf^Sl^^'f 
C-NR'R", C-CF,, C-OH. C-CN, C-NO-, C-iC,R ? , C-SH, 



C-S0 2 CH 3 , C-OR\ C-SR', C-C(=0)NR'R", C-NR'C(=0)R', C-C(=0)R', 
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C-C(=0)OR', CtCH^OR', C-OC(=0)R', COC(=0)NR'R" and 
C-NR'C(=0)OR' where R' and R" are individually hydrogen or lower alkyl 
(e.g., Q-Cjq alkyl, preferably C r C 5 alkyl, and more preferably methyl, ethyl, 
isopropyl or isobutyl), an aromatic group-containing species or a substituted 
aromatic group-containing species, and q is an integer from 1 to 6. R' and R" 
can be straight chain or branched alkyl, or R' and R" can form a cycloalkyl 
funtionality (e.g., cyclopropyl cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, 
adamantyi, and quinuclidinyl). Representative aromatic group-containing 
species include pyridinyl, quinolinyl, pyrimidinyl, phenyl, and benzyl (where 
any of the foregoing can be suitably substituted with at least one substituent 
group, such as alkyl, halo, or amino substituents). Other representative 
aromatic ring systems are set forth in Gibson et al M J. Med Chem. 39:4065 
(1996). When X represents a carbon atom bonded to a substituent species, 
that substituent species often has a sigma m value which is between about -0.3 
and about 0.75, and frequently between about -0.25 and about 0.6. In certain 
circumstances the substituent species is characterized as having a sigma m 



value not equal to 0. In addition, it is highly preferred that A is hydrogen, it 
is preferred that A' is hydrogen, and normally A" is hydrogen. Generally, 
both A and A' are hydrogen; sometimes A and A' are hydrogen, and A" is 
amino, methyl or ethyl; and often A, A' and A" are all hydrogen. Depending 
upon the identity and positioning of each indmdi^ E', certain compounds can 




often greater than 0.1, generally greater than 0.2, and even gttattt than 0.3; 
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less than 0 and generally less than -0.1; or 0. More specifically, the 
compounds of particular interest are those compounds wherein X is CH, C-Br, 
CXCH^qOR', where R' is an aromatic ring, particularly phenyl; C-O-R' where 
R' is an aromatic ring, particularly phenyl; C-O-R' where R' is an alkyl 
particularly isopropyi or ethyl; C-COR' where R' is methyl. 

One representative compound is (E)-N-methyi-4-[3-(5- 
benzyloxypyridin)yl]-3 -buten- 1 -amine for which X is C-0-CH 2 Ar, where Ar is 
phenyl, E' is H, n is 2, m is 0, p is 0, A, A', A", and Z' are each H, and Z" is 
methyl. Another representative compound is (E)-4-[3-(5-bromopyrdin)yl]-3- 
buten-1 -amine for which X is C-Br, E' is H, n is 2, m is 0, p is 0, and A, A', 
A", 21 and Z" are each H. Another representative compound is (E)-N-methyl- 
4-[3-(5-phenoxypyridin)yl]-3-buten-l-amine for which X is C-O-Ar where Ar 
is phenyl, E' is H, n is 2, m is 0, p is 0, A, A', A", and Z' are each H, and Z" 
is methyl. Another representative compound is (E)-N-methyl-4-[3-(5- 
isopropoxypyridin)yl]-3-buten-l-amine for which X is C-O-R' where R' is 
isopropyi, E' is H, n is 2, m is 0, p is 0, A, A', A", and Z' are each H, and Z" 
is methyl. Another representative compound is (E)-N-methy l-4-[3 -(5 - 
methoxymethylpyridin)yl-3-buten-l-ainine for which X is C-CH 2 -0-CH 3 , E' is 
H, n is 2, m is 0, p is 0, A, A', A", and Z' are each H, and Z" is methyl. 
Another representative compound is (E)-N-methyl-4-[3-(5-phenylpyridin)yI]-3- 
buten-1,1^ is H, n is 2, E" is 

BLm is 0,.p is JD. aJ£X^ methyl. Another 




representative come 
CH 2 , E'isH.nisJ, 



fcl -amine for which X is 
and Z" are each H. 
^5^thbx>pyridin)yl]-3- 
1' iik^nis 2, mis 



methyl4-[3-5- 
S^^,E'isH,nis2, 
is methyl. Another 



representative compound is (E)-N-m6%l-4-[3-5^ 
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1-amine for which X is C-NH-C(=0)-CH3, E' is H, n is 2, m is 0, p is 0, and 
A, A', A" and Z' are each H and Z" is methyl. Another representative 
compound is (E)-N-methyl-4-[3-5-carbamoyl-pyridinyl]-3-buten-l -amine for 
which X is C-C(=0)-NH 2 , E' is H, n is 2, m is 0, p is 0, and A, A', A" and Z' 
5 are each H and Z" is methyl. 

The manner in which aryl substituted olefinic amine compounds 
of the present invention are provided can vary. (E)-metanicotine can be 
prepared using the techniques set forth by Loffler et al., Chem. Ber. 42:3431 
(1909) and Laforge, J.A.CS. 50:2477 (1928). Certain novel 6-substituted 

10 metanicotine-type compounds can be prepared from the corresponding 6- 

substituted nicotine-type compounds using the general methods of Acheson et 
al., J. Chem. Soc, Perkin Trans. 1 2:579 (1980). The requisite precursors for 
such compounds, i.e., 6-substituted nicotine-type compounds, can be 
synthesized from 6-substituted nicotinic acid esters using the general methods 

15 disclosed by Rondahl, Acta Pharm. Suec. 14:113 (1977). Preparation of 

certain 5-substituted metanicotine-type compounds can be accomplished from 
the corresponding 5-substituted nicotine-type compounds using the general 
method taught by Acheson et al., J. Chem. Soc, Perkin Trans. 1 2:579 (1980). 
The 5 -halo nicotine-type compounds and the 5 -amino nicotine-type 



20 compounds can be prepared using the general procedures disclosed by 




of the protective group to obtain a primary amine, and optional alkylation to 
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provide a secondary or tertiary amine. In particular, certain metanicotine-type 
compounds can be prepared by subjecting a 3 -halo substituted, 5-substituted 
pyridine compound or a 5-halo substituted pyrimidine compound to a 
palladium catalyzed coupling reaction using an olefin possessing a protected 
5 amine functionality (e.g., an olefin provided by the reaction of a phthalimide 
salt with 3-halo-l-propene, 4-halo-l-butene, 5-halo- 1-pentene or 6-halo-l- 
hexene). See, Frank et al, 1 Org Chem. 43(15):2947 (1978) and Malek et 
al., 1 Org Chem. 47:5395 (1982). Alternatively, certain metanicotine-type 
compounds can be prepared by coupling an N-protected, modified amino acid 

10 residue, such as 4-(N-methyl-N-tert-butyloxycarbonyl)amino-butyric acid 

methyl ester, with an aryl lithium compound, as can be derived from a suitable 
aryl halide and butyl lithium. The resulting N-protected aryl ketone is then 
chemically reduced to the corresponding alcohol, converted to the alkyl halide, 
and subsequently dehydrohalogenated to introduce the olefin functionality. 

15 Removal of the N-protecting group affords the desired metanicotine-type 

compound. 

There are a number of different methods for providing (Z)- 
metanicotine-type compounds. In one method, (Z)-metanicotine-type 
compounds can be synthesized from nicotine as a mixture of the E and Z 
20 isomers; and the (Z)-metanicotine-type compounds can then be separated by 
cly^atography using . the types of techniques disclosed by Sprouse et al., 
J^SA pffl apers, p. 312, Coies^te Joint t:^rehce (1072). In another 
? ■ '^^^ can be prepared by the cohtillted hyfrogenation of 

acetylemc compound (e.g., N-methyl-4-(3-pyridmyl)-3- 
For ex&ple, certain 5«ffi (ZJSWe^e 

c<^^^ 




sentative starting materials, and methods of synthesizing representative 
compounds and suitable salts thereof are set forth in U.S. Patent Nos. 
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5,597,919 to Dull et al.; U.S. Patent -Application Serial No. 08/631,762; U.S. 
Patent Application Serial No. 08/635,165; and PCT No. WO 96/31475. 

One representative compound, (E)-N-methyl-4-(3-[5- 
(ethylthio)pyridinyl])-3-buten-l -amine is prepared from N-methyl-N-(tert- 
butoxycarbonyl)-3-buten-l-amine and 3-bromo-5-(ethylthio)pyridine using the 
techniques set forth in W.C. Frank, et al., 1 Org. Chem. 43(15):2947 (1978), 
and the tert-butoxy carbonyl protecting group is subsequently removed. 
Specifically, N-methyl-N-(tert-butoxycarbonyl)-3-buten- 1 -amine is prepared by 
(i) reacting 4-bromo-l-butene at 0.035 mole scale with a ten fold excess of 
condensed methylamine in N,N-dimethylformamide solvent in the presence of 
potassium carbonate to provide a 97% yield of N-mehtyl-3-buten-l-amine; (ii) 
the amine thus prepared is reacted at 0.030 mole scale with one equivalent of 
di-tert-butyldicarbonate in tetrahydrofuran to give N-methyl-N-(tert- 
butoxycarbonyl)-3-buten-l -amine in 68% yield. The 3-bromo-5- 
(ethylthio)pyridine is produced by the reaction of sodium ethanethiolate on 
3,5-dibromopyridine in N,N-dimethylformamide in 86% yield. N-methyl-N- 
(tert-butoxycarbonyl)-3-buten-l -amine and 3^bromo-5-(ethylthio)pyridine are 
reacted using the Heck reaction on a 1.6 mmole scale in 2:1 
acetonitrileitriethylamine using a catalyst consistingof one mole percent 
palladium acetate and four mole percent tri-o-tolylphosphine. N-methyl-N- 
(tert-butoxyc^bonylHKMH^ is obtained 

in 59% yield. DeprQtection of the product may then be accomplished by 1:1 
6t$ hydrochloric acidMi^^ 



Other representative compounds include (E)-N-methyl-4-[3-(5- 
idopynduyl)]-3-buten-l -amine and (E)-N-methyl-4-[3-(5-. 



acetamidopyridinyl 



<^rbamoylpyndinyl)]-3-buten-Uamine. These compounds may be proi 
according to the techniques set forth in C.V. Greco et aL J. Ijtetera 



Cherii 7(4):761 (1^^ Mfe ^Sfty, tM 



material, 5-bromonicotinic acid is converted to both 5-bromdnicol 
3-^p-5-bromopyridine. The 3-|^p-5-Vromo^^e can beju^^dwj 
acetic anhydride to give 3-acetamido-5-bromopyridine. 3-Acetamido-5 
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bromopyridine may then be reacted with N-methy l-N-(tert-butoxycarbony l)-3 - 
buten-1 -amine (prepared according to the preceeding techniques) using the 
Heck reaction described hereinabove and set forth in W.C. Frank et al., J. Org, 
Chem. 43(15):2947 (1978). The reaction gives (E)-N-methyl-N-(tert- 
5 butoxycarbonyl)-4-[3-(5-acetamidopyridinyl)]-3-buten-l-amine. The Heck 
reaction of 5-bromonicotinic acid with N-methyI-N-(tert-butoxycarbonyl)-3- 
buten-1 -amine gives (E)-N-methyl-N-(tert-butoxycarbonyl)-4-[3-(5- 
carbamoylpyridinyl)l-3-buten-l-amine. The treatment of either product with 
aqueous acid effects the removal of the tert-butoxycarbonyl groups from these 
10 compounds, giving the 5-acetamido and 5 -carbamoyl substituted metanicotinic 
compounds respectively. 

The present invention relates to a method for providing 
prevention of a CNS disorder to a subject susceptible to such a disorder, and 
for providing treatment to a subject suffering from a CNS disorder. In 
15 particular, the method comprises administering to a patient an amount of a 
compound effective for providing some degree of prevention of the 
progression of the CNS disorder (Le., provide protective effects), amelioration 
of the symptoms of the CNS disorder, and amelioration of the reoccurrence of 
the CNS disorder. The method involves administering an effective amount of 
20 a compound selected from the general formulae which are set forth 

hereinbefore. Tjie present invention, relate to a.pharmac^irti^i composition 
mcqrporatiiij* a compound seleptpd .from the general 



forth, hereinbefore. The compounds normally are not optical} 
However r per^in comgpiiadb can possess sutj^ta^ ^ go 
25 that those compounds possess optical activity. Optically acti\re s commune 
can be employed as racemic mixtures or as enantipmers. 

ie.emplg)^in a^firee^as? 

.. - ■% ■■; ; . - ■•!■ q*; -■■ '.- 

-acceptable, salts). Examples of suitable pita 

include inorganic acid addition salts sucti as 

30 sulfate, ^^^^d, ni^;^ggm 

propionate, succinate, lactate, glycolate, malate, tartrate, citrate, maleate, 
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fumarate, methanesulfbnate, p-toluenesulfonate, and ascorbate; salts with 
acidic amino acid such as aspartate and glutamate; alkali metal salts such as 
sodium salt and potassium salt; alkaline earth metal salts such as magnesium 
salt and calcium salt; ammonium salt; organic basic salts such as 
trimethylamine salt, triethylamine salt, pyridine salt, picoline salt, 
dicyclohexylamine salt, and N,N'-dibenzylethylenechamine salt; and salts with 
basic amino acid such as lysine salt and arginine salt. The salts may be in 
some cases hydrates or ethanol solvates. 

CNS disorders which can be treated in accordance with the 
present invention include presenile dementia (early onset Alzheimer's disease), 
senile dementia (dementia of the Alzheimer's type), Parkinsonism including 
Parkinson's disease, Huntington's chorea, tardive dyskinesia, hyperkinesia, 
mania, attention deficit disorder, anxiety, dyslexia, schizophrenia and 
Tourette's syndrome. 

The pharmaceutical composition also can include various other 
components as additives or adjuncts. Exemplary pharmaceutically acceptable 
components or adjuncts which are employed in relevant circumstances include 
antioxidants, free radical scavenging agents, peptides, growth factors, 
antibiotics, bacteriostatic agents, immunosuppressives, anticoagulants, 
buffering agents, anti-inflammatory agents, anti-pyretics, time release binders, 
anaesthetics, steroids and corticosteroids. Such components can provide 
additional therapeutic benefit, act to jiECGek^t' ijffie^J^e^y^utiic ^aclipii of the 



I present invention 



pharmaceutical composition, or act towau^ # e X2S^i any potential side 
effects which may be posed as a result of ad Mm OTahon of the pharmaceutical 
composition. In certain circumstanc 

■ ^ .^' h i..t ; ^r/:'^7\. 

can be employed as part of a 
comgotujids ihteiM^ 

llCe mlwer in 



The compounds can be admiiiiste; 
aerosol either iiLKallx j|it!jisinE.idfi3 




d can vary. 
^Wtiie form of an 
drtne type set forth in U.S. 
Patent No. 4,922,901 to Brooks et alV); topically (e.g., in lotion form); orally 
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(e.g., in liquid form within a solvent- such as an aqueous or non-aqueous 
liquid, or within a solid carrier); intravenously (e.g., within a dextrose or 
saline solution); as an infusion or injection (e.g., as a suspension or as an 
emulsion in a pharmaceutically acceptable liquid or mixture of liquids); or 
transdermal^ (e.g., using a transdermal patch). Although it is possible to 
administer the compounds in the form of a bulk active chemical, it is preferred 
to present each compound in the form of a pharmaceutical composition or 
formulation for efficient and effective administration. Exemplary methods for 
administering such compounds will be apparent to the skilled artisan. For 
example, the compounds can be administered in the form of a tablet, a hard 
gelatin capsule or as a time release capsule. As another example, the 
compounds can be delivered transdermally using the types of patch 
technologies available from Ciba-Geigy Corporation and Alza Corporation. 
The administration of the pharmaceutical compositions of the present invention 
can be intermittent, or at a gradual, continuous, constant or controlled rate to a 
warm-blooded animal, such as a human being. In addition, the time of day 
and the number of times per day that the pharmaceutical formulation is 
administered can vary. Administration preferably is such that the active 
ingredients of the pharmaceutical formulation interact with receptor sites 
within the body of the subject that effect the functioning of the CNS. 



The dose of the compound is that amount effective to prevent 
occurrence afliofM ^emg preverifed, or to treat some 



of the disorder). Pre^fion of the disorder is manifested by a prolonging or 
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delaying of the onset of the symptoms of the condition. Treatment of the 
condition is manifested by a decrease in the symptoms associated with the 
disorder or an amelioration of the reoccurrence of the symptoms of the 
disorder. 

The effective dose can vary, depending upon factors such as the 
condition of the patient, the severity of the symptoms experienced by the 
patient, and the manner in which the pharmaceutical composition is 
administered. For human patients, the effective dose of typical compounds 
generally requires administering the compound in an amount of at least about 
1, often at least about 10, and frequently at least about 25 mg / 24 hr. / 
patient For human patients, the effective dose of typical compounds requires 
administering the compound which generally does not exceed about 500, often 
does not exceed about 400, and frequently does not exceed about 300 mg / 24 
hr. / patient. In addition, administration of the effective dose is such that the 
concentration of the compound within the plasma of the patient normally does 
not exceed 500 ng/ml, and frequently does not exceed 100 ng/mi. 

The compounds useful according to the method of the present 
invention have the ability to pass across the blood-brain barrier of the patient 
As such, such compounds have the ability to enter the central nervous system 
of the patient The log P values of typical compounds useful in carrying out 
JigsenLimsati^^^ are greater than 




than about 0.5. The log P values of such 
mds gene rally are less than ahfput 3.5, often are less than about 
than about 2.5. Log P values provide a measure of 
compound to pass across a diffusion barrier, siicK as a 

' ifech, et at, j: tftmkm^mr 

ability to interact with certain nicotmc chrtmaergic 
Oram of the patient As such these compound have the ami 
^jtoigjggpiogy, and in particuWiJo act as nicotinic 
agonists. The receptor binding constants of typical compounds useful in 
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carrying out the present invention generally exceed about 1 nM, often exceed 
about 5 nM, and frequently exceed about 10 nM. The receptor binding 
constants of such typical compounds generally are less than about 1000 nM, 
often are less than about 500 nM, frequently are less than about 200 nM, and 
even less than 100 nM. Receptor binding constants provide a measure of the 
ability of the compound to bind to relevant receptor sites of certain cells of the 
patient. See, Cheng, et al., Biochem. Pharmacol 22:3099 (1973). 

The compounds useful according to the method of the present 
invention have the ability to demonstrate a nicotinic pharmacology by 
effectively eliciting neurotransmitter secretion from nerve ending preparations 
(i.e., synaptosomes). As such, these compounds have the ability to cause 
relevant neurons to release or secrete acetylcholine, dopamine, and other 
neurotransmitters. Generally, the compounds useful in carrying out the present 
invention provide for the secretion of dopamine in amounts of at least about 
10 percent, often at least about 25 percent, frequently at least about 50 percent 
and even greater than 75 percent, of that elicited by an equal molar amount of 
(S)-(-)-nicotine. Certain compounds of the present invention can provide 
secretion of dopamine in an amount which can exceed that elicited by an equal 
molar amount of (S)-(-)-nicotine. 

The compounds of the present invention, when employed in 
.effegtive-mqiunts^ 

exhibit jrecrator activation comt^ 
. H^niyjfrtfrjiftT^riV Passat invention activate isq$opjc ,i^<j^^ 
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often by less than 15 percent, and frequently by less than 10 percent, of that 
elicited by an equal molar amount of (S)-(-)-nicotine. 

The compounds of the present invention, when employed in 
effective amounts in accordance with the method of the present invention, are 
selective to certain relevant nicotinic receptors, but do not cause significant 
activation of receptors associated with undesirable side effects. By this is 
meant that a particular dose of compound resulting in prevention and/or 
treatment of a CNS disorder is essentially ineffective in eliciting activation of 
certain ganglionic-type nicotinic receptors. This selectivity of the compounds 
of the present invention against those receptors responsible for cardiovascular 
side effects is demonstrated by a lack of the ability of those compounds to 
activate nicotinic function of adrenal chromaffin tissue. As such, the 
compounds of the present invention have poor ability to cause isotopic 
rubidium ion flux through nicotinic receptors in cell preparations derived from 
the adrenal gland. Generally, the compounds useful in the present invention 
activate isotopic rubidium ion flux by less than 25 percent, often by less than 
15 percent, frequently by less than 10 percent, and even essentially. 0 percent, 
of that elicited by an equal molar amount of (S)-(-)-nicotine. 

Compounds of the present invention, when employed in 
effective amounts in accordance with the method of the present invention, are 
effective towards providing some degree of prevention of CNS disorders 
amelioration of the symptoms of such disorders, cuid"£^ 
degree of the reoccurrence of such disorders. However, such *S 



amounts of those compounds are not sufficient to elicit any app 
ted by increased effects relrang^to tire 



effects, as i ^S^or 
system, and er ~ 

of ffie*pre^ OSerap^Hc 
CNS ^sorllj^^^ 



dose of a compound of 
desired effects upton tKe CNS, but is 



e present mventtorris 




level) to provide undesirable side effects. Preferably, effective 
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of a compound of the present invention resulting in treatment of a CNS 
disorder occurs upon administration of less than 1/5, often less than 1/10, and 
frequently less than 1/15, that amount sufficient to cause any side effects to a 
significant degree. 

The following examples are provided to illustrate the present 
invention, and should not be construed as limiting thereof. In these examples, 
all parts and percentages are by weight, unless otherwise noted. 



EXAMPLE 1 

Sample No. 1 is (E)-N-Methyl-4-[3-(5-ben2yloxypyridin)yI]-3- 
buten-1 -amine, which was prepared according to the following procedure. 

3-Bromo-5-benzvloxvpvridine: Under a nitrogen atmosphere, 
small pieces of sodium (1.48 g, 64.4 mmol) were added to benzyl alcohol 
(17.11 g, 158.0 mmol), and the mixture was stirred and heated at 70°C for 18 
h. To the stirring, viscous mixture was added 3,5-dibromopyridine (5.00 g, 
21.1 mmol), copper powder (255 mg, 4.0 mmol), and benzyl alcohol (15 mL). 
The mixture was further heated at 100°C for 48 h. The reaction mixture was 
allowed to cool to ambient temperature, diluted with water (50 mL), and 
extracted with diethyl ether (5 x 50 mL). The combined ether extracts were 
dried (Na^O*), filtered, and concentrated by rotary evaporation. Vacuum 



(Ustfflatjqn removed -excess benzyl. 



vacuum-dis^ation^afforded 3 .17 
as a wWt|, c^^^^ro^^. 

l H NMR (Cbci 3 , 

m), 5,08 (2H, s). 

• ' v ' ■ "\\. - • J " 
Un wKvro frrsrx 

Y2ZJ19, mM 

WtMs 



Found: 26i9?53ll 



^^tb^n^lo^yridm 




Under a 



nitrogen atmosphere, a mixture of 3-buten-i-6l(i5l nig, 2.1 mmol), 3-bromo- 
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5-benzyloxypyridine (528 mg, 2.0 mmol), palladium(II) acetate (5 rng, 0.02 
mmol), tri-o-tolylphosphine (25 mg, 0.08 mmol), triethylamine (0.5 mL), and 
acetonitrile (L0 mL) was stirred and heated under reflux for 20 h. Upon 
cooling, the mixture was diluted with water (10 mL) and extracted with 
dichloromethane (2 x 10 mL). The combined dichloromethane extracts were 
dried (Na^OJ, filtered, and concentrated by rotary evaporation to give a dark- 
yellow oil (527 mg). Purification by column chromatography on silica gel, 
eluting with 2.5% (v/v) methanol in ethyl acetate afforded 387 mg (75.8%) of 
(E)-4-[3-(5-benzyloxypyridin)yl]-3-buten-l-oI as a colorless gum. 

! H NMR (CDC1 3 , 300 MHz): 5 8.21 (1H, d, J = 2.7 Hz), 8.18 
(1H, d, J - 1.6 Hz), 7.41-7.33 (5H, m), 7.25 (1H, s), 6.44 (1H, d, J = 15.9 
Hz), 6.27 (1H, dt, J = 16.0, 7.0 Hz), 5.09 (2H, s), 3.77 (2H, t, J = 6.2 Hz), 
2.44 (2H, dq, J = 6.2, 1.0 Hz), 1.67 (1H, br s). 

fEVN-Methvl^re-fS-benCTlox 
Under a nitrogen atmosphere, a cold (0°C), stirring solution of (E)-4-[3»(5- 
benzyloxypyridin)yl]-3-buten-l-ol (368 mg, 1.44 mmol), dichloromethane (1.5 
mL), and pyridine (1 drop) was treated with p-toluenesulfonyl chloride (302 
mg, 1.58 mmol). The mixture was allowed to warm to ambient temperature. 
After stirring for 16 h, the solution was concentrated under a stream of 
nitrogen, and the residue was further dried under high vacuum. The resulting 



residue was disspiv§4^^ 
temperature. 



fi^Q t pL), ,and 40% agueous 




olution was ..stirred 6 h at ambient 

' ■ ' ■ 'i.^w'iP'wr » ■. : |.■''" ■■ ■■ 

evaporation to a dark gum. 
solutiOT (10 mL) and 
parated, washed with water 



WO98/37071 



PCT/US98/03091 



-23- 

'H NMR (CDClj, 300 ; MHz): 8 8.20 (1H, d, J = 2.7 Hz), 8.17 
(1H, d, J = 1.8 Hz), 7.43-7.33 (5H, m), 7.22 (1H, m), 6.40 (1H, d, J = 15.9 
Hz), 6.24 (1H, dt, J = 15.9, 6.9 Hz), 5.09 (2H, s), 2.72 (2H, t, J = 6.8 Hz), 
2.46-2.39 (2H, m), 2.44 (3H, s), 1.76 (1H, br s). 

13 C NMR (CDC1 3 , 75 MHz): 8 154.92, 140.88, 136.73, 136.17, 
133.70, 131.03, 128.71, 128.29, 127.91, 127.53, 117.93, 70.32, 51.03, 36.29, 
33.47. 

HRMS: Calcd. for C 17 H 20 N 2 O (M*): m/z 268.157563. Found: 

268.157420. 



10 EXAMPLE 2 

Sample No. 2 is (E)-4-[3-(5-Bromopyridin)yl]-3-buten-l -amine 
Hemifumarate, which was prepared according to the following techniques. 

N-3-Buten- 1-phthalimide was prepared essentially in accordance 
with the techniques described in W. C. Frank, et al, J. Org. Chem. 43:2947 
15 (1978). 

(EVN-4-r3-f5-BromoDvridmW11-3-buten-l-Dhthalunide: Under a 
nitrogen atmosphere, a mixture of N-3-buten-l-phthalimide (8.74 g, 43.5 
mmol), 3,5-dibromopyridine (10.00 g, 42.2 mmol), palladium(II) acetate (190 
mg, 0.84 mmol), tri-o-tolylphosphine (514 mg, 1.69 mmol), and triethylamine 
20 (8.55 g, 84.4 mmol) was stirred at 100-107°C (oil bam temperature) for 48 h. 
ujM.coo6| | to ambient temperature, the brown residue waslfiltfced; washed 
' ^ %> "iSnwatS (fe mL), and [Solved in hot N^alme^yll^ (45 mL). 

te np^Mg solution was filtered through Celite filter aid. Water (50 mL) 
tm^S&the mlxnM la¥c^MW^#K. tte 
Pvtiitie£ washed wifii^lai^i^^ 

, and vacuum dried at 50°C to give a yellowish brown 




W% product was recrystalu 

srwe to give in iinm^^m^- " ' 
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bromopyxidin)yl]-3-buten-l-phthalimide as a light beige powder, mp 145- 
148°C. 

'H NMR (CDC1 3 ): 8 8.46 (1H, d, J = 2.0 Hz), 8.37 (1H, d, J = 
1.8 Hz), 7.82 (2H, m), 7.74 (1H, t, J - 2.0 Hz), 7.69 (2H, m), 6.33 (2H, d, J = 
15.9 Hz), 6.25 (1H, dt, J = 15.9, 5.9 Hz), 3.84 (2H, t, J = 6.9 Hz), 2.62 (2H, 
m). 

(EV4~r3-f 5-BromopvridinM1-3-buten-l -amine: Under a 
nitrogen atmosphere, a solution of (E)-N-4-[3-(5-bromopyridin)yl]-3-buten-l- 
phthalimide (2.16 g, 6.1 mmol), hydrazine hydrate (0.91 g, 18.2 mmoi), 
methanol (40 mL) and chloroform (80 mL) was allowed to stir for 5 h at 
ambient temperature. The reaction was monitored by thin layer 
chromatography on silica gel (chloroform-methanol (99:1, v/v)). Additional 
hydrazine hydrate (0.45 g, 9.1 mmol) was added to the reaction mixture which 
was stirred at ambient temperature for a total of 45 h. The thick mixture was 
poured into 1M NaOH solution (750 mL), stirred 30 min at ambient 
temperature, and extracted with chloroform (3 x 100, 2 x 200 mL). The 
combined chloroform extracts were dried (NajSO^, filtered, and concentrated 
by rotary evaporation. Further drying under vacuum at ambient temperature 
afforded a golden oil (Lll g). Purification by vacuum distillation produced 
0.57 g of a light-yellow oil, bp 109°C at 0.05 mm Hg. Further purification by 
vac^-distUto 

'H MmiGSiQB): 4J-49 (ML d, I = 1.8 Hz), 8.45 (IH^d* J =? _ 

yolisne of 2 ? piQganol, ^p^j| 
evaporation, and the solids ,were4#cr^^jN^ 

was kept at 5°C for 18 h. The resulting solids were filtered, washed with cold 
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2-propanol, cold diethyl ether, and dried under vacuum at 50°C to yield a 
light-beige powder. A second recrystallization from 2-propanol afforded 103 
mg (47.4% yield) of (E)-4-[3-(5-bromopyridin)yl]-3-buten-l-amine 
hemifumarate as a cream-colored powder, mp 175-176.5°C. 

l H NMR (D 2 0, 300 MHz): 5 8.51 (1H, s), 8.47 (1H, s), 8.12 
(1H, s), 6.59 (1H, d, J = 16.0 Hz), 6.51 (1H, s), 6.39 (1H, dt, J = 16.0, 7.0 
Hz), 3.20 (2H, t, J = 7.0 Hz), 2.65 (2H, q, J = 7.0 Hz). 

I3 C NMR (D 2 0, 75 MHz): 5 174.62, 148.36, 145.32, 136.50, 
135.32, 134.73, 129.24, 128.42, 120.64, 38.67, 30.30. 

Analysis calculated for C^HnBrNjO-S C^O^ C, 46.33; H, 
4.59; Br, 28.03; N, 9.83. Found: C, 46.20; H, 4.71; Br, 27.92; N, 9.75. 



EXAMPLE 3 

Sample No. 3 is (E)-N-Methyl-4-[3-(5-phenoxypyridin)yi]-3- 
buten-1 -amine, which was prepared according to the following techniques. 

15 3-Bromo-5-phenoxvpvridine: Sodium phenoxide trihydrate 

(7.50 g, 44.1 mmol) was dried under vacuum at 65°'C for 18 h at 0.6 mm Hg 
to yield 5.08 g of sodium phenoxide. Under a nitrogen atmosphere, 3,5- 
dibromopyridine (4.00 g, 16.9 mmol) and anhydrous N,N-dimethylformamide 
(40 mL) were added to the sodium phenoxide (5.08 g, 43.8 mmol). The 

20 resulting mixture was stined at 1 10°C for 44 h. After cooling to anibient 

mL). The combined ether extracts were washed witi 

and concentrated 
25 brown oil (4.0 g): The oil was vacuum distillec 

&ixon 



temperature, water (75 inL) was added, and die pH'was 
30% Na6H solution. The solution was extracted v^w peMP! 



brown oil (^gf%e ofrw 

..... . 

bp 48-65°C &\ : W nun Hg. Further 
bromo-5-pfienoxj^yndine as a pale-yellow 
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l R NMR (CDC1 3 , 300. MHz): 8 8.39 (1H, d, J = 1.7 Hz), 8.31 
(1H, d, J = 2.3 Hz), 7.42-7.35 (3H, m), 7.22-7.17 (1H, m), 7.05-7.01 (2H, m). 

fE^rS-fS-PhenoxvpyridiaMI-S-buten-l-ol: Under a nitrogen 
atmosphere, a mixture of 3-bromo-5-phenoxypyridine (1.80 g, 7.23 mmol), 
palladium(II) acetate (15 mg, 0.067 mmol), tri-o-tolylphosphine (80.9 mg, 
0.266 mmol), 3-buten-l-ol (494 mg, 6.85 mmol), triethylamine (2.5 mL), and 
acetonitrile (5 mL) was stirred and heated under reflux for 22 h. The reaction 
was monitored by thin layer chromatography on silica gel eluting with 
chloroform-methanol (98:2, v/v). Additional palladium(II) acetate (7.5 mg) and 
tri-o-tolylphosphine (44 mg) were added to the reaction mixture, which was 
stirred and heated under reflux for an additional 2 h. After cooling to ambient 
temperature, the mixture was diluted with water (20 mL) and extracted with 
dichloromethane (3 x 25 mL). The combined organic layers were washed with 
water (25 mL), dried (NaS0 4 ), filtered, and concentrated to yield a dark- 
yellow oil (L85 g). The product was purified by column chromatography on 
silica gel, eluting with chloroform-methanol (94:6, v/v). Selected fractions 
were combined and concentrated. Purification by vacuum distillation gave 
0.468 g of (E)^[3-(5-phenoxypyridin)yl]-3-butBn-l-ol as a viscous, yellow 
oil, bp 155-175°C at 0.15 mm Hg. Further distillation produced an additional 
1.270 g of product as a viscous, yellow oil, bp 165-175°C at 0.15 mm Hg, for 
a total yield of 1.738 g (100%). 

'H NMR (CpA. 3jQ:^); ttelCflfc % J = 15 Hz), 8.20 



an a, j = 2.4 Hz), 141-134 mMmimil » f t m. w ■»). 

(2H, t, J = 6.3 Hz), 2.46 (2H, m)^ 



i-i-amine: 



g, 5.8 mmol) 



►wise 

pheno^ynffi^l]- 
10.5 

ambient temperature. The dark-brown mixtoire diluted with water (50 mL) 



famine (1.07 g, 
s^eiTfor 48 h at 



t 
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and extracted with chloroform (3 x 50 mL). The combined chloroform extracts 
were dried (NajSO^, filtered, arid concentrated to a gold oil (0.873 g). 
Aqueous methylamine (20 mL, 40% solution) was added to the oil, and the 
mixture was allowed to stir at ambient temperature for 18 h. The solution was 
basified with 30% NaOH solution to pH 11-12 and extracted with diethyl 
ether (4 x 25 mL). The combined ether extracts were dried (Na^SOJ, filtered, 
and concentrated to a yellow syrup. To purify the product, water (50 mL) was 
added to the residue, and the pH was adjusted to -8.0 with 30% HC1 solution. 
The resulting solution was extracted with dichloromethane (50 mL). The 
aqueous layer was separated, the pH was adjusted to 12.5 using 30% NaOH 
solution, and this alkaline solution was extracted with tert-butyl methyl ether 
(3 x 25 mL). Thin layer chromatography analysis on silica gel, eiuting with 
methanol-ammonium hydroxide (10:1, v/v) indicated that the spent 
dichloromethane layer contained some product. Therefore, water (25 mL) was 
added to the dichloromethane extract, and the pH was adjusted to 8.0. The 
aqueous phase was separated, the pH was adjusted to pH 12.5 using 30% 
NaOH solution, and this solution was extracted with tert-butyl methyl ether (2 
x 25 mL). All tert-butyl methyl ether layers were combined, dried (NaS0 4 ), 
filtered, and concentrated to yield 106.5 mg (8.0%) of (E)-N-methyl-4-[3-(5- 
phenoxypyridin)yl]-3-buten-l -amine as a dark-gold oil. 

^NMR^ 5 8.30 (1H, d, J = 1.8 Hz), 8.18 



_ ^ ( ^ ..... 

ML A J -Z#M1jMMj&JM{$L. t, J = 2.2 Hz), 7.16 (1H, m), 



7.Q6 ; 7.p2j 
2.69 (1H 



134.59, 




J£J ii dy==Jj6.0 Hz), 6.27 (1H, dt, J - 16.0, 6.7 Hz), 
2.35 (2H, m), 1.60 (1H, br s). 



8 156.96, 154.27, 143.19, 140.14, 
,09, 119.30, 51.03, 35.85, 33.20. 

n /VTV m/» *>*U 14101**. Found- 
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EXAMPLE 4 

Sample No. 4 is (E)-N-Methyl-4-[3-(5-isopropoxypyridin)yl]-3- 
buten-1 -amine, which is prepared according to the following procedure. 

3-Bromo-5-isopropoxvpvridine: Under a nitrogen atmosphere, 

5 2-propanoi (30 mL) was added to potassium (2.4 g, 61.4 mmol) at 0°C, and 

the mixture was stirred at 0°C for 30 min. To the resulting solution was added 
3,5-dibromopyridine (4.74 g, 20.0 mmol) and copper powder (250 mg, 3.9 
mmol). The mixture was heated under reflux under a nitrogen atmosphere for 
70 h. Upon cooling to ambient temperature, the mixture was concentrated 

10 under high vacuum to a solid, which was diluted with water (200 mL) and 
extracted with diethyl ether (3 x 150 mL). The combined ether extracts were 
dried (Na^C^), filtered, and concentrated by rotary evaporation to a dark- 
brown oil (3.71 g). Purification by column chromatography on silica gel, 
eluting with 10-»20% (v/v) diethyl ether in benzene afforded 1.38 g (31.9%) 

15 of 3-bromo-54sopropoxypyridine as a volatile, colorless oil. 

l H NMR (CDC1 3 , 300 MHz): 8 8.23 (1H, s), 8.19 (1H, s), 7.31 
(1H, t, J = 2.1 Hz), 4.54 (1H, septet, J = 6.0 Hz), L34 (6H, d, J = 6.0 Hz), 

fE^-4-r3-r5-IsopropoxvT)vridin^vn-3-buten-l-ol: Under a 
nitrogen atmosphere, a mixture of 3-buten-l-ol (296 mg, 4.1 mmol), 3-bromo- 

20 5-isopropoxypyridine (864 mg, 4.0 mmol), palladium(II) acetate (9.0 mg, 0.04 
.inmol)^tri^-tolyJphosphine (50.0 mg, 0.16 mmol), triethylamine (1.0 mL), and 

SkSsi^b^ ^ed^ heated ***** npK'to** 1 ' ^ u p° n 

lec^ the mixture was diluted wifli water (20 mL) 

; ted with dichlojromethane (2 x 20 mL). The combined 

S^^i (i^sbo fti^A ^^S^HS by 
orange oil (843 mg). Ptui^i^% ^lumDua 
eluting with 0-*4% (v/v) methanol m ethyl 
1%) of (EM-[3-(54s^&i^^ 




oil. 



WQl,, 300 MHz): 8 8.13 (lH ? ,d. J = 1.4 Hz), 8.10 
(ik, d, J = 2.6 Hz), 7.14 (1H, t, J = 2.3 Hz), 6.43 (IH, d, J = 16.0 Hz), 6.26 
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(1H, dt, J =» 15.9, 7.0 Hz), 4.57 (IH,; septet, J - 6.0 Hz), 3.76 (2H, t, J = 6.2 
Hz), 2.49 (2H, dq, J = 6.1, 1.2 Hz), 1.66 (1H, br s), 1.33 (6H, d, J = 5.9 Hz). 

(EVN-Methyl^r3-(5-isopropoxv 
Under a nitrogen atmosphere, a cold (0°C), stirring solution of (E)-4-[3-(5- 

5 isopropoxypyridin)yl]-3-buten-l-ol (466 mg, 2.25 mmol), anhydrous 
dichloromethane (2 mL), and pyridine (2 drops) was treated with p- 
toluenesulfonyl chloride (540 mg, 2.83 mmol). The mixture was allowed to 
warm to ambient temperature. After stirring 16 h, the solution was 
concentrated under a stream of nitrogen, and the residue was further dried 

10 under high vacuum. The residue was dissolved in N,N-dimethylformamide (5 
mL), and a solution of 2N methylamine in tetrahydrofuran (5 mL) was added. 
After stirring under a nitrogen atmosphere for 24 h at ambient temperature, the 
solution was diluted with water (25 mL) and extracted with diethyl ether (2 x 
30 mL). The combined ether extracts were washed with water (10 mL) and 

15 saturated NaCl solution (20 mL), dried (Na 2 S0 4 ), filtered, and concentrated by 

rotary evaporation to a residue (470 mg). Purification by column 

* 

chromatography on silica gel, eluting with 2.5% (v/v) triethylamine in absolute 
ethanol afforded 153 mg (30.9%) of (E)-N-methyl-4-[3-(5- 
isopropoxypyridin)y L]-3 -buten- 1 -amine as a reddish, amber oil. 
20 l H NMR (CDClj, 300 MHz): 5 8.13 (1H, d, J - 1.7 Hz), 8.10 

(IH, ; d, J - 2.7. Hz), 7.13. (1H, t, J - 2.1 Hz), 6.40 (1H, d, J = 16.0 Hz), 6.23 
(lH,.dt, J = 15.9, 6.9 Hz), 4.57 (IH, sejrtet, J '- 6.1 Hz), 2.73 (2H, t, J = 6.9 
, Hz), 2.46-2.40 ,(2H, m), 2.45 (3H, s), 2,19 (IH, br s), 1.33 (6H,d, 3 * 6.0 Hz). 

"C NMR (CDClj, 75 MHz): 8 154.09, 140.41, 137.77, 133.67, 
130.56, 128.17, 119.05, 70.62, 50-90, 36.06, 33.26, 21.94. 

HRMS: Calcd. for C^H^O ^vf ): m/z 110.157561 Found: 

mmm- 



- i tmm 



WO 98/37071 PCT/US98/03091 

-30- 

EXAMPLE 5 

Sample No. 5 is (E)-N-MethyM-[3-(5- 
methoxymethylpyridin)yl]-3-buten-l -amine, which is prepared according to the 
following procedure. 
5 3-Bromo-5-methoxvmethvlpvridine: Under a nitrogen 

atmosphere, a solution of 5-bromonicotinic acid (5.05 g, 25.0 mmol) and 
thionyl chloride (10 mL) was stirred and heated. The excess thionyl chloride 
was removed by distillation, and the residue was dried briefly under high 
vacuum. To the resulting light-yellow solid in dry tetrahydrofuran (40 mL) 

10 was added sodium borohydride (1.90 g, 50.0 mmol) at 0°C under a nitrogen 

atmosphere. The mixture was stirred 1 h at 0°C and allowed to warm to 
ambient temperature. The mixture was added to a cold, saturated aqueous 
NH^Cl solution (100 mL) and extracted with diethyl ether (3 x 50 mL). The 
combined ether extracts were dried (NajSOJ, filtered, and concentrated by 

15 rotary evaporation to a semisolid (2.77 g). Thin layer chromatography analysis 
on silica gel indicated mostly 5-bromonicotinic acid; therefore the semisolid 
was partitioned between ether and saturated aqueous NaHC0 3 solution. The 
ether layer was separated and concentrated by rotary evaporation to a residue 
(0.75 g). Purification by column chromatography on silica gel, eluting with 

20 ethyl acetate-hexane (1:1, v/v) afforded 379 mg (8.1%) of 3-bromo-5- 
hydroxymethylpyridine. 



25 



30 



Under a nitrogen atmosphere, a solution of ^-BiH>mS-5- 



hydroxymethylpyridine (379 mg, 2.0 mmol) m <ky ietfafiyi 



mm 



was treated at ambient temperature with sodium 
60% <Ss5>ersioh in Sterol oil). After 5 




the opaque, yellow mixture was treated v 



mmol). After stirnng 2 fi at ambient te 



combined bmer exifrlc^ were 
rotary, evaporation to an orange 



chromatography on silica gel, eluting with 15% (v/v) : 



hexane 
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afforded 266 mg (65.3%) of 3-bromo-5-methoxymethylpyridine as a colorless 
oil. 

l H NMR (CDC1 3 , 300 MHz): 5 8.59 (1H, d, J = 2.0 Hz), 8.45 
(1H, s), 7.83 (1H, m), 4.43 (2H, s), 3.40 (3H, s). 

5 fEV4-[3-(5-Methoxvmethvlpvridin > lvn-3-buten-l"ol: Under a 

nitrogen atmosphere, a mixture of 3-buten-l-ol (108 mg, 1.5 mmol), 3-bromo- 
5-methoxymethylpyridine (240 mg, 1.2 mmol), palladium(II) acetate (5.0 mg, 
0.02 mmol), tri-o-tolylphosphine (25.0 mg, 0.08 mmol), triethyiamine (0.5 
mL), and acetonitrile (1.0 mL) was stirred and heated under reflux for 21 h. 

10 Upon cooling to ambient temperature, the mixture was diluted with water (10 
mL) and extracted with dichloromethane (2 x 10 mL). The combined 
dichloromethane extracts were dried (NajSC^), filtered, and concentrated by 
rotary evaporation to an oil (240 mg). Purification by column chromatography 
on silica gel, eiuting with 0->4% (v/v) methanol in ethyl acetate afforded 148 

15 mg (64.5%) of (E)-4-[3-(5-methoxymethylpyridin)yl]-3-buten-l-ol as an oil. 

l H NMR (CDCI3, 300 MHz): 5 8.47 (1H, d, J = 1.8 Hz), 8.37 
(1H, d, J - 1.6 Hz), 7.66 (1H, t, J - 2.1 Hz), 6.47 (*1H, d, J = 16.0 Hz), 6.32 
(1H, dt, J = 16.0, 6.9 Hz), 4.44 (2H, s), 3.77 (2H, t, J = 6.2 Hz), 3.39 (3H, s), 
2.50 (2H, dq, J = 6.3, 1.2 Hz), 1.66 (1H, br s). 

20 fEVN-Methvl^-r3^5-methoxvmethvlDvridinMl-3-buten-l- 

amine: Under a nitro|en atrnc^to, a cold (0°C), stirring solution of (E)-4- 
f3-(S-meihoxymeffi^^ anhydrous 
dicMoromethane (1 mLol^^ ft- 
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and concentrated by rotary evaporation to a residue (99 mg). Purification by 
column chromatography on silica gel, eluting with 2.5% (v/v) triethylamine in 
methanol afforded 24 mg (16.1%) of (E)-N-methyl-4-[3-(5- 
methoxymethylpyridin)yl]-3-buten-l -amine as a light-yellow oil. 
5 'H NMR (CDClj, 300 MHz): 8 8.47 (IH, d, J = 2.1 Hz), 8.37 

(IH, d, J = 1.9 Hz), 7.65 (IH, t, J = 2.0 Hz), 6.43 (IH, d, J = 16.0 Hz), 6.29 
(IH, dt, J = 16.0, 6.7 Hz), 4.44 (2H, s), 3.39 (3H, s), 2.73 (2H, t, J = 6.9 Hz), 
2.45 (3H, s), 2.43 (2H, m), 1.56 (IH, br s). 

I3 C NMR (CDC1 3 , 75 MHz): 5 147.54, 147.50, 133.29, 132.88, 
10 131.82, 131.08, 127.88, 72.08, 58.39, 51.14, 36.36, 33.56. 

HRMS: Calcd. for C I2 H 18 N z O (M*): m/z 206.141913. Found: 

206.142612. 



15 



20 



EXAMPLE 6 

Sample No. 6 is (E)-4-(3-pyridinyl)-3 -buten- 1 -amine difumarate, 
which is prepared according to the following techniques. 

(EV4-(34NridtovlV3-buten-l-amine: This compound was 
prepared essentially in accordance with the techniques described in W. Frank, 
et al., J. Org. Chem. 43:2947 (1978). 

rEl-4-(3-PvricUnvlV3-buten-l-amine Difumarate: 

(E)-4-(3-pyridmyl)-3-buten-l-amine was converted to its 

^ ^hWBBWSL..' 3 00' MHz): 8 8^70 (IH, d), 8.52 (IH, d), 

s), 6.63 (IH, d), 6.4T(1H, dt), 2.96 

75 Mftz): 6 167.2, 1483, 147:7, 134.7, 
.2, 30.5. 




< 
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EXAMPLE 7 

Sample No. 7 is (E)-N-Methyl-4-[3-(5-ethoxypyridin)yl]-3- 
buten-1 -amine Sesquifiimarate, which is prepared according to the following 
procedure. 

5 (E)-N-Methyl-4-[3-(5-ethoxypyridin)yl]-3-buten-l -amine is 

prepared in accordance with the techniques set forth in U.S. Patent Application 
Serial No. 08/631,762, already incorporated herein by reference in its entirety. 

Under a nitrogen atmosphere, fumaric acid (165 mg, 1.18 mmol) 
was added to a solution of (E)-N-methyl-4-[3-(5-ethoxypyridin)yl]-3-buten-l- 

10 amine (244 mg, 1.18 mmol) in 2-propanol (15 mL). After stirring 30 min at 
ambient temperature, the solution was concentrated by rotary evaporation to a 
light-brown solid. The solid was dissolved in a mixture of 2-propanol (6 mL) 
and ethanoi (1 mL), assisted by warming. The resulting solution was treated 
with decolorizing carbon, filtered, and cooled at -20°C for 5 days. The 

15 crystalline solids were filtered, collected, and dissolved in a mixture of ethanoi 
(3 mL) and methanol (1 mL). This solution was filtered through a sintered 
glass funnel to remove insoluble matter, and the filtrate was diluted with 2- 
propanol (4 mL) and cooled at -20°C. The crystalline solids were collected 
and dried under high vacuum to give 102 mg (26.8%) of (E)-N-methyl-4-[3- 

20 (5-ethoxypyridin)yl]-3 -buten- 1 -amine sesquifiimarate as a light-tan, crystalline 

, l H NMR (D 2 P, 300 MHz): 8 8.33 (IH, \>v s), 8.26 (IH, d, J = 

\' i A j ^ jgf(iKX.J' 2.1 ; Hz), 6.68 (IH, d , J - 16.1 Hz), 6.62 (2H, s), 

J = 16.1, 7.0 Hz), 4.27 (2H, q, J = 6.9 Hz), 3.24 (2H, t, J = 7.0 

s), 2.70 (2H, in), 1.44 (3H, t, J - 7:0 HzJ. 

M' \ ' \$mm« ■■■■■■ ;-<■• 

"C NMR (9,0, 75 MHz): 6 17536, 159,89, 139.88, 137.87, 





!.;134.56. 132.20, 130.30, 129.07, 68.96, 50*1, 35^3, 32.17, 16.58. 
ZZ Mai- <&&' fac C it k lt K 2 6 '• 1.5 S6.83; H, 06; 



10 
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EXAMPLE 8 

Sample No. 8 is (E)-N-Methyl-4-[3-(5-phenylpyridin)yl]-3- 
buten-1 -amine, which is prepared according to the following procedure. 

3 -Bromo-5-phenvlpyridine: A mixture of 3,5-dibromopyridine 
5 (15.00 g, 63.3 mmol), phenylboronic acid (8.11 g, 66.5 mmol), sodium 

carbonate (14.09 g, 133.0 mmol), water (100 mL), toluene (400 mL), absolute 
ethanol (100 mL), and tetralds(triphenylphosphine)pailadium(0) (3.66 g, 3,17 
mmol) was stirred and heated under reflux at 92°C (oil bath temperature) for 
19 h. The mixture was cooled to ambient temperature and extracted with 
dichloromethane (400 mL). The dichloromethane layer was washed with 
saturated, , aqueous NaHC0 3 solution, dried (NajSOJ, filtered, and 
concentrated to a residue. Vacuum distillation using a short-path apparatus 
produced 10.58 g of a white solid, bp 70-1 10°C at 0.05 mm Hg (lit. bp 100- 
101°C at -0.1 mm Hg, see Guthikonda, R. N.; DiNinno, F. P. 2-(3-Pyridyl)- 
carbapenam Antibacterial Agents. U.S. Patent 5,409,920 (Merck and Co., 
Inc.), 950425). Further purification by column chromatography on silica gel, 
eluting with hexane-ethyl acetate (5:1, v/v) afforded 8.23 g (55.5%) of 3- 
bromo-5-phenylpyridine as a white solid, mp 45-46°C, R f 0.50 (hexane-ethyl 
acetate (5:1, v/v)). 

l H NMR (CDC1 3 , 300 MHz): 5 8.74 (1H, d, J « 1.7 Hz), 8.64 
(1H, d, J = 1.9 KEz), 8,01 (1H, t, J - 2.0 Hz), 7.56-7.38 (5H, m). 13 C NMR 
(CDpl 3 , 75 Mtfe): 8 149.35, 146.38, 12&27, 13f 86, 136.31, 129.20, 12&69, 
12718, 120.91. ijft: Calcd. for C„H g BrN (MT): ra/z 232.914010, 
Found: 232.984177. 
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_ sift-- 
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(EV^^ Under, a nitrogen 

^^pjp|iere, a m^me^^ 




mmol), tri-o-tolylpho^Mig (7,| 
and acetonitrile (16 mL) was stirrei 

diluted with water (25 mL) and extracted with dichloromethane (4 x 25 mL). 
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The combined dichlororaethane extracts were washed with water (25 mL), 
dried (NajSO^, filtered, and concentrated by rotary evaporation to give a dark- 
green oil (1.69 g). Vacuum distillation using a test-tube apparatus gave 873 
mg of a yellow oil, bp 60-80°C at 0.05 mm Hg. Further purification by 
column chromatography on silica gel (60 g), eluting in succession with 
hexane-ethyl acetate (5:1, v/v), hexane-ethyl acetate (1:1, v/v), and ethyl 
acetate afforded 604 mg (41.8%) of (E)-4-[3-(5-phenylpyridin)yl]-3-buten-l-ol 
as a yellow oil, 0.27 (ethyl acetate). 

'H NMR (CDC1 3 , 300 MHz): 5 8.66 (1H, d, J = 2.0 Hz), 8.54 
(1H, d, J « 1.9 Hz), 7.83 (1H, t, J - 2.1 Hz), 7.58-7.54 (2H, m), 7.49-7.36 
(3H, m),.6.54 (1H, d, J - 15.9 Hz), 6.38 (IH, dt, J = 15.9, 6.9 Hz), 3.80 (2H, 
t, J = 6.3 Hz), 2.53 (2H, dq, J = 6.3, 1.2 Hz), 1.78 (1H, br s). 

(EVN-Methvl-4-r3-f5-phenvlDvridin^vn-3-buten-l-amine: Under 
a nitrogen atmosphere, a cold (0°C), stirring solution of (E)-4-[3-(5- 
phenylpyridin)yl]-3-buten-l-ol (577 mg, 2.56 mmol), anhydrous 
dtchloromethane (4 mL), and pyridine (1 drop) was treated with p- 
toluenesulfonyl chloride (537 mg, 2.82 mmol). The mixture was allowed to 
warm to ambient temperature. After stirring 17 h, the solution was 
concentrated by rotary evaporation, and the residue was further dried under 
high vacuum. The resulting brown gum was dissolved in tetrahydrofuran (5 
_mL)^d (5 mL) ^H¥!<$^ ^ 

grirr^H h flfr ambient temnerat^ 
evaporation^to a brqjwn.mjm. The.residue was,. 



were washe 



with 



25 



30% HQ solution, the 

30 a,$M^hMMk 



MNaOH 



chloroform extracts 




following thin layer chromatography analysis on silica gel. The pH of the 
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aqueous phase was raised to 12.5 using 30% NaOH solution; the product was 
extracted with tert-butyl methyl ether (3 x 10 mL). The combined tert-butyl 
methyl ether extracts were washed with water (10 mL), dried (Na 2 S0 4 ), 
filtered, and concentrated by rotary evaporation to give 589 mg of a dark- 
5 brown oil. Purification by column chromatography on silica gel, eluting with 
ethyl acetate produced 95.1 mg of (E)-4-[3-(5-phenylpyridin)yl]-3-buten-l-ol. 
Subsequent elution with methanol-ammonium hydroxide (9:1, v/v) afforded 
82.3 mg (13.5%) of (E>N-memyl-4-[3-(5-phenylpyridm)yl]-3-buten-l-amine 
as a dark-brown oil. 

10 'H NMR (CD,OD, 300 MHz): 8 8.63 (1H, br s), 8.52 (1H, br 

s), 8.11 (1H, t, J = 1.9 Hz), 7.69-7.65 (2H, m), 7.53-7.40 (3H, m), 6.65 (1H, 
d, J = 16.0 Hz), 6.52 (1H, dt, J = 15.9, 6.7 Hz), 2.89 (2H, t, J = 6.7 Hz), 2.59- 
2.49 (2H, m), 2.52 (3H, s). MS (ESI): m/z 239 (M + H) + . HRMS: Calcd. 
for C l6 H 18 N 2 (M*): m/z 238.146999. Found: 238.146600. 



15 EXAMPLE 9 

Sample No. 9 is (E)-N-memyl-4-[3<5-aminopyridin)yl]-3-buten- 
1-amine, which was prepared according to the techniques described in U.S. 
Patent No. 5,597,919 to Dull et al., the subject matter of which is incorporated 
herein by reference in its entirety. 



20 



25 



positive efi|ct tgug 



treatment of vanous CNiS disorders 




ises^Sarrole No. C-l is provided. This 
'gB TgRQrted to have demonstrated a 



partition coefficient), 



of compounds to pass across the 



blood-brain barrier (Hansch, et al., J. Med Chem. ii:l (1968)), were calculated 
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according to methods described in Hopfinger, Conformational Properties of 
Macromolecules. Academic Press (1973) using Cerius 2 software package by 
Molecular Simulations, Inc. 



EXAMPLE 11 

5 Determination of Binding to Relevant Receptor Sites 

Binding of the compounds to relevant receptor sites was 

determined in accordance with the techniques described in U.S. Patent No. 

5,597,919 to Dull et aL, the subject matter of which is already incorporated 

herein by reference in its entirety. Inhibition constants (Ki values), reported in 
10 nM, were calculated from the IC 50 values using the method of Cheng et aL, 

Biochem, Pharmacol 22:3099 (1973). Data are presented in Table I. 



EXAMPLE 12 

Determination of Dopami ne Release 
Dopamine release was measured using the techniques described 
15 in U.S. Patent No. 5,597,919 to Dull et aL, the subject matter of which is 

already incorporated herein by reference in its entirety. Release is expressed 
as a percentage of release obtained with a concentration of (S)-(-)-nicotine 
resulting in maximal effects. Reported EC 50 is expressed in nM and E^ 
rt^^rt^ie jwd^ptt-^leased relative to nicotine. Data are presented in Table 
20 I. 

• ^ €.»g i ^ iP tt| fife- >»i j ^i ^ ':> jj i ^ ; 




EXAMPLE 13 



Deteiminafion^f jg^ g^ TOgcle 



mMa of the mteradSii WW conpiiMi with 



jSamed out ill accordance wil 



S techniques described 
39W*> Ml et aL, toe ^^^M^SI^is 
herein by reference in its efitirety. The muscle tissues 
sentative of cells which do not conin pSreo^ters. The 
m^ttMTactivation for individual compounds (E^ was determined as a 
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percentage of the maximal activation induced by (S)-(-)~nicotine. Data are 
presented in Table L 



EXAMPLE 14 

Determination of Interaction with Ganglia 
5 The determination of the interaction of the compounds with 

ganglionic receptors was carried out in accordance with the techniques 
described in U.S. Patent No. 5,597,919 to Dull et aL, the subject matter of 
which is already incorporated herein by reference in its entirety. The 
ganglionic tissues employed are representative of cells which do not contain 
10 P2 receptors. The maximal activation for individual compounds (E^) was 

determined as a percentage of the maximal activation induced by (S)-(-)- 
nicotine. Data are presented in Table I. 



Table I 



15 



Sample No. 




IQ(nM) 


Dopamine Release 


f Musde Effect 
(% nicotine) 


Ganglion Effect 
(% nicotine) 


LogP 




EC M {nM) 


C-t* 


0.71 
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100 


100 
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The data in Table I indicate that the compounds have the 
capability of passing the blood-brain barrier by virtue of their favorable log P 
values, binding to high affinity CNS nicotinic receptors as indicated by their 
low binding constants, and activating CNS nicotinic receptors of a subject and 
5 causing neurotransmitter release, thereby demonstrating known nicotinic 

pharmacology. Thus, the data indicate that such compounds have the 
capability of being useful in treating CNS disorders involving nicotinic 
cholinergic systems. Furthermore, the data indicate that the compounds do not 
cause any appreciable effects at muscle sites and ganglionic sites, thus 
TO indicating a lack of undesirable side effects in subjects receiving 

administration of those compounds. 

The foregoing is illustrative of the present invention and is not 
to be construed as limiting thereof. The invention is defined by the following 
claims, with equivalents of the claims to be included therein. 




t 
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That Which Is Claimed Is: 



1. 



A compound of Formula I: 



A' 



E' 



■fl 



5 



A" 




I 



wherein X is C-R', C-OR', C-CH 2 -OR' wherein R' is selected from the group 
10 consisting of H, C1-C5 alkyl, an aromatic group containing species and alkyl-, halo-, 
or amino- substituted aromatic group containing species; E' is hydrogen or C1-C5 
alkyl or halo substituted C1-C5 alkyl; E" is C1-C5 alkyl or halo substituted C1-C5 
alkyl; Z' and Z" are each individually selected from the group consisting of 
hydrogen, C1-C5 alkyl, aryl rings, and can form a ring structure, 



A, A' and A" are each individually selected from the group consisting of 
20 hydrogen, C1-C7 alkyl, and halo; m is 0 or 1; p is 0 or 1 with the proviso that when 
m or p is 0 then that E" is hydrogen; and the wavy line in the structure represents a 
cis (Z>or4transt(© 



15 




25 




1 ^^^v^s^^^^i^^^s^i tVtfn*&l ; 



^mROund 
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5. The compound according to Claim 1, wherein the compound 
is (E)-N-methyl-4-[3-(5-methoxymethylpyridin)yl]-3-buten- 1 -amine. 



6. The compound according to Claim 1 , wherein the compound 
5 is (E)-N-methyl-4-[3-(5-phenylpyridin)yl]-3-buten-l -amine. 

7. The compound according to Claim 1, wherein X is C-R'; R' 
is selected from the group consisting of H, C1-C5 alkyl, an aromatic group 
containing species and alkyl-, halo-, or amino- substituted aromatic group 

10 containing species; n is an integer which ranges from 1 to 3; Z' and Z" 
individually represent hydrogen, methyl or isopropyl; A and A' represent 
hydrogen; A" represents hydrogen, methyl or ethyl; m is 0 and p is 0. 

8. The compound according to Claim 1, wherein X is 

15 C-OR'; R' is selected from the group consisting of H, C1-C5 alkyl, an aromatic 
group containing species and alkyl-, halo-, or amino- substituted aromatic group 
containing species; n is an integer which ranges from 1 to 3; Z' and Z" 
individually represent hydrogen, methyl or isopropyl; A and A' represent 
hydrogen; A" represents hydrogen, methyl or ethyl, m is 0 and p is 0. 

20 

9. The compound according to Claim 1, wherein X is 
C-CH 2 -OR', R' is selg^^ C1-C5 alkyl, an 

group co^ 

25 individudjy re represent 
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11. A pharmaceutical composition according to claim 1 0, 
comprising said compound in an amount effective to treat a central nervous system 
disorder characterized by a decrease in nicotinic receptor activity. 

5 1 2 . A pharmaceutical composition according to claim 1 0, 

comprising said compound in an amount effective to treat a neurodegenerative 
central nervous system disorder. 

13. A pharmaceutical composition according to claim 1 0, 
10 comprising said compound in an amount effective to treat a central nervous 

disorder selected from the group consisting of Parkinsonism, Parkinson's Disease, 
Tourette's Syndrome, attention deficit disorder, schizophrenia, and senile dementia 
of the Alzheimer's type. 

15 14. The use of a compound having the formula: 



20 




for the preparation of a medicament for the prevention or treatment of a central 
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A, A' and A" are each individually selected from the group consisting of 
hydrogen, C1-C7 alkyl, and halo; m is 0 or 1 ; p is 0 or 1 with the proviso that when 
m or p is 0 then that E" is hydrogen; and the wavy line in the structure represents a 
cis (Z) or trans (E) form of the compound. 

15. The use of a compound of Claim 14 for the preparation of a 
medicament for the prevention or treatment of a central nervous system disorder, 
wherein said central nervous system disorder is a neurodegenerative disease. 



10 



15 



20 




16. The use of a compound of Claim 14 for the preparation of a 
medicament for the prevention or treatment of a central nervous system disorder, 
wherein the central nervous system disorder is selected from the group consisting 
of Parkinsonism, Parkinson's Disease, Tourette's Syndrome, attention deficit 
disorder, schizophrenia, and senile dementia of the Alzheimers type. 

1 7. The use of a compound of Claim 14 for the preparation of a 
medicament for the prevention or treatment of a central nervous system disorder, 
wherein the compound is (E)-N-me1hyM-[3-(5-benzyloxypyridin)yl]-3-buten-l- 
amine. 

1 8. The use of a compound of Claim 14 for the preparation of a 
medicament for the prevention or treatment of a central nervous system disorder, 
wfterein the compound is (E)-N-me^ 



19. the use of a compound ofClaik U&r ffie prep^on of a 
pent for the prevention or ircatm^ 
^phe compound is (^^ine^ 
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20. The use of a compound of Claim 14 for the preparation of a 
medicament for the prevention or treatment of a central nervous system disorder, 
wherein the compound is (E)-N-methyl-4-[3-(5-methoxymethylpyridin)yl]-3- 
buten-1 -amine. 

5 

21. The vise of a compound of Claim 14 for the preparation of a 
medicament for the prevention or treatment of a central nervous system disorder, 
wherein the compound is (E)-N-methyl-4-[3-(5-phenylpyridin)yl]-3-buten-l- 
amine. 

10 

22. The use of a compound of Claim 14 for the preparation of a 
medicament for the prevention or treatment of a central nervous system disorder, 
wherein the amount effective to prevent or treat said central nervous disorder is at 
least about 25 mg / patient / 24 hours and does not exceed about 500 mg / patient / 

15 24 hours. 



20 



23. The use of a compound of Claim 14 for the preparation of a 
medicament for the prevention or treatment of a central nervous system disorder, 
wherein the amount effective to prevent or treat said central nervous system 
disorder is at least about 10 mg / patient / 24 hours and does not exceed about 400 
mg / patient / 24 hours. 



24. The use of a compound of Claim 14 for the prcp^tion of a 
medicament for tKe prevention or treatment of a central nenvdus ^stem|iisoi M w M 



subject does not experience a concentration of compound m plasma wBich exo 



25 wherein the amptint of the compound of formula I 1 
subject doe 
500iig/ml. 
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25. A method for providing prevention or treatment of a central 
nervous system disorder comprising administering to a subject in need thereof, an 
effective amount of a compound of the formula: 



5 




10 

wherein X is C-R', C-OR', C-CH 2 -OR' wherein R' is selected from the group 
consisting of H, C1-C5 alkyl, an aromatic group containing species and alkyl-, 
halo-, or amino- substituted aromatic group containing species; E' is hydrogen or 
Q-C5 alkyl or halo substituted C1-C5 alkyl; E" is C1-C5 alkyl or halo substituted 
15 Q-C5 alkyl; Z' and Z" are each individually selected from the group consisting of 
hydrogen, C r C 5 alkyl, aryl rings, and can form a ring structure, 

■0 

20 



A, A' and A" are each individually selected from the group consisting of 
hydrogen, C r C 7 allc^l, and halo; m is O or 1; p is*0ior<>l*y^ 




Parkinson's Disease, Tourette's Syndrome, attention deficit dis^ rcier, 
schizophrenia, and senile dementia of the Alzheimers type. 
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28. The method according to Claim 25, wherein the compound 
is (E)-N-methyl-4-[3-(5-benzy loxypyridin)yl]-3-buten- 1 -amine. 



5 29. The method according to Claim 25, wherein the compound 

is (E)-N-methyl-4-[3»(5-phenoxypyridin)yi]-3-buten-l-amine. 

30. The method according to Claim 25, wherein the compound 
is(E)-N-methyM-[3-(5-isopropoxypyridin)yl]-3-buten-l-amine. 

10 

3 1 . The method according to Claim 25, wherein the compound 
is (E)-N-methyM-[3-(5-methoxymethylpyridin)yl]-3-buten- 1 -amine . 

32. The method according to Claim 25, wherein the compound 
15 is (E)-N-methyM-[3-(5-phenylpyridin)yl]-3-buten-l-amine. 



20 



25 



33. The method according to Claim 25, wherein the amount 
effective to prevent or treat said central nervous system disorder is at least about 25 
mg / patient / 24 hours and does not exceed about 500 mg / patient / 24 hours. 

34. The method according to Claim 25, wherein the amount 
effective to prevent or treat said central nervous system disorder is at least about 10 



mg / patient / 24 houi^ and does^ot exceM^o^ 



htit/24m 



35. 



The mi 



the compound of&iim^0 
experience a concentration of 




erein the amount of 
ct does not 
[S566ng/ml. 
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PHARMACEUTICAL COMPOSITIONS FOR PREVENTION 
AND TREATMENT OF CENTRAL NERVOUS SYSTEM DISORDERS 



10 



IS 



20 



Background of the Invention 
The present invention relates to compounds 
having pharmaceutical properties, and in particular, to 
compounds useful for preventing and treating central 
nervous system (CSS) disorders. The present invention 
relates to a method for treating patients suffering 
from or susceptible to such disorders, and in 
particular, to a method for treating patients suffering 
from those disorders which are associated with 
neurotransmitter system dysfunction. The present 
invention also relates to compositions of matter useful 
as pharmaceutical compositions in the prevention and 
treatment of CNS disorders which have been attributed 
to neurotransmitter system dysfunction. 

CNS disorders are a type of neurological 
disorder. CNS disorders can be drug induced; can be 
attributed to genetic predisposition, infection or 
trauma; or can be of unknown etiology. CNS disorders 
comprise neuropsychiatric disorders, neurological 
diseases and mental .illnesses; and include 
neurodegenerative^^ 
cc^itfcye* 

roan&feat^ dysfunction 
(i-e, / disorder^ of 

j)^A^e ipropert ies of 
neurotrani^ in-w^ inappropriate 

$M 



can 



file ^aef ici ncy 
and/or a eerotoifefgic &&£ iciency. CNS disorders of 
relatively common occurrence include presenile dementia 
(early onset Alzh inter' s disease), senile dementia 
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(dementia of the Alzheimer's type), Parkinsonism 
including Parkinson's disease, Huntington's chorea, 
tardive dyskinesia, hyperkinesia, mania, attention 
deficit disorder, anxiety, dyslexia, schizophrenia and 
5 Tourette ' s syndrome . 

Senile dementia of the Alzheimer's type 
(SDAT) is a debilitating neurodegenerative disease, 
mainly afflicting the elderly; characterized by a 
progressive intellectual and personality decline, as 
10 well as a loss of memory, perception, reasoning, 

orientation and judgment. One feature of the disease 
is an observed decline in the function of cholinergic 
systems, and specifically, a severe depletion of 
cholinergic neurons (i.e., neurons that release 
15 acetylcholine, which is believed to be a 

neurotransmitter involved in learning and memory 
mechanisms). See, Jones, et al., Inteyn. J. Nei^rpfrpj i * 
Vol. 50, p. 147 (1990); Perry, Br. Med. Bull. , Vol. 42, 
p. 63 (1986) and Sitaram, et al . , Science . Vol. 201, p. 
274 (1978) . It has been observed that nicotinic 
acetylcholine receptors, which bind nicotine and other 
nicotinic agonists with high affinity, are depleted 
during the progression of SDAT. See, Giacobini, 
^timMfejRefe^ Vol. 27, p. 5*8 H«9?) ; and^a^on, 

ite* <such, ;it would 



20 



:*SE?3SSfe&ii^. . it -p ,proyl4e ,th$£§p£*itic coi^iuy^ which 



3X>£ 



35 



IPgiy activate nicotitiB '*e8ipWrifc '-?MI* 
&rie 6r a£t to miria?» 
septors * 

' ' to activafi -iiMPMiW . 
j^ft acite administrates «W*MW*W* an 
^e"t$lir o£ Buch ^^«S^^ ^HW 
"admi¥iBtration to animals . Se , Rowell. MV. SehftV- 
BioJ^, vol. 31, p. 191 (1987); and Marks, J. Pharmacol. 
Ex p. Ther. . Vol. 226, p. 817 (1983). It also has been 
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propos d that nicotine can act directly to elicit the 
release of acetylcholine in brain tissue, to improve 
cognitive functions, and to enhance attention. See, 
Rowell, et al., J. Neurochem. , Vol. 43, p. 1593 (1984); 
5 Sherwood, Human Psvchopharm . . Vol. 8, pp. 155-184 
(1993); Hodges, et al., Bio, of Nic, Edit, by 
Lippiello, et al., p. 157 (1991); Sahakian, et al., Br^ 
J. Psvch. . Vol. 154, p. 797 (1989); and U.S. Patent 
Nos. 4,965,074 to Leeson and 5,242,935 to Lippiello et 

10 al. Other methods for treating SDAT have been 
proposed, including U.S. Patent Nos. 5,212,188 to 
Caldwell et al. and 5,227,391 to Caldwell et al . and 
European Patent Application No. 588,917. Another 
proposed treatment for SDAT is Cognex, which is a 

15 capsule containing tacrine hydrochloride, available 
from Parke-Davis Division of Warner-Lambert Company, 
which reportedly preserves existing acetylchloine 
levels in patients treated therewith. 

Parkinson's disease (PD) is a debilitating 

20 neurodegenerative disease, presently of unknown 
etiology, characterized by tremors and muscular 
rigidity. A feature of the disease appears to involve 
the degeneration of dopaminergic neurons (i.e., which 
secrete, dopamine) . One symptom of the. disease has been 

.25 observed to be a concomitant .loss* of nicotinic 

^ . rece ptors which are associated with such dopaminergic 

^^At^^^ fi Mr t m^Jim ^m&^i $m*z t~.^- 

neurons, and which are believed to modulate the process 



of dopamine secretion. See, Rinne, et al., flffftMi ^SPt > 



of dopamine secreitidn . See, Rinne, est al., 
JZBl- 54, ^p. 167-170 (if ?1) a^J^p^k, ft al . , 



m* . Vol. 85, pp« 827-835 (19813) . *t a-K|o has been 
„ rw ^ that hie^U^ can S^^l^ * i^sHi 
p. See; Smith et al., tjg^gggf^-- . 3 W» #• 

?£-43 (If 82) . 

Certain tteiSffcs Iteve b| n tfiade to t-*§at Sp. 
One proposed tr atment for PD is Sinemet CR, which is a 
sustained- releas tablet containing a mixture of 
carbidopa and levodopa, available from The DuPont Merck 
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Pharmaceutical Co. Another proposed treatment for PD 
is Eldepryl, which is a tablet containing selefiline 
hydrochloride, available from Somerset Pharmaceuticals, 
Inc. Another proposed treatment for PD is Parlodel, 
5 which is a tablet containing bromocriptine mesylate, 
available from Sandoz Pharmaceuticals Corporation. 
Another method for treating PD and a variety of other 
neurodegenerative diseases has been proposed in U.S. 
Patent No. 5,210,076 to Berliner et al- 
io Tourette's syndrome (TS) is an autosomal 

dominant neuropsychiatric disorder characterized by a 
range of neurological and behavioral symptoms. Typical 
symptoms include (i) the onset of the disorder before 
the age of 21 years, (ii) multiple motor and phonic 
15 tics although not necessarily concurrently, (iii) 

variance in the clinical phenomenology of the tics, and 
(iv) occurrence of quasi daily tics throughout a period 
of time exceeding a year. Motor tics generally include 
eye blinking, head jerking, shoulder shrugging and 
20 facial grimacing; while phonic or vocal tics include 
throat clearing, sniffling, yelping, tongue clicking 
and uttering words out of context. The pathophysiology 
of TS presently is unknown, however it is believed 
that neurotransmission dysfunction is ^^MBS^^e^i^hr 
25 the dispMfer. SSe, &l<d6i?dh- ' 



35 (1991); NewHous et al V / Brit - ' - ™fflg ■ '' -V™^WBP*8Bf 
521-526 (1991); McConville et al. f Biol. Psychiatry. 
Vol. 31, pp. 832-840 (1992); and Sanberg et al., 
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?roc^4Affqg toQjn Svmp. ffj-P-/ S39 (1994). it also 

has been proposed to treat TS using Haldol, which is 
haloperidol available from McNeil Pharmaceutical; 
Catapres, which is clonidine available from Boehringer 
5 Ingelheim Pharmaceuticals, Inc., Orap, which is 
pimozide available from Gate Pharmaceuticals; 
Prolixin, which is fluphenazine available from 
Apothecon Division of Bristol-Myers Squibb Co.; and 
Klonopin, which is clonazepam available from Hoffmann - 

10 LaRoche Inc . 

Attention deficit disorder (ADD) is a 
disorder which affects mainly children, although ADD 
can affect adolescents and adults. See, Vinson, Arch. 
Fam. Med.. Vol. 3(5), pp. 445-451 (1994); Hechtman, ^ 

15 PsYgMfttrV |*euroggjL w Vol. 19 (3), pp. 193-201 (1994); 
Faraone et al., Biol, Psyrtuatry, Vol. 35(6), pp. 398- 
402 (1994) and Malone et al., J. Child Neurol. . Vol. 
9(2), pp. 181-189 (1994). Subjects suffering from the 
disorder typically have difficulty concentrating, 

20 listening, learning and completing tasks; and are 
restless, fidgety, impulsive and easily distracted. 
Attention deficit disorder with hyperactivity (ADHD) 
includes the symptoms of ADD as well as a high level 




of cognitive resources. Neuropsvchobioloav. Eds. 
M ndl wicz, et al., pp 43-46 (1993). 
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Schizophrenia is characterized by psychotic 
symptoms including delusions, catatonic behavior and 
prominent hallucinations, and ultimately results in a 
profound decline in the psychosocial affect of the 
subject suffering therefrom- Traditionally, 
schizophrenia has been treated with Klonopin, which is 
available as a tablet containing clonezepam, available 
from Hoffmann-LaRoche Inc.; Thorazine, which is 
available as a tablet containing chlorpromazine, 
available from SmithKline Beecham Pharmaceuticals; and 
Clozaril, which is a tablet containing clozapine, 
available from Sandoz Pharmaceuticals. Such 
neuroleptics are believed to be effective as a result 
of interaction thereof with the dopaminergic pathways 
of the CNS. In addition, a dopaminergic disfunction 
possessed by individuals suffering from schizophrenia 
has been proposed. See, Lieberman et al . , Scfrjzppfrr, 
Bull . . Vol. 19, pp. 371-429 (1993) and Glassman, Amer. 
j . Psychiatry . Vol. 150, pp. 546-553 (1993). Nicotine 
has been proposed as being effective in effecting 
neurotransmitter dysfunction associated with 
schizophremia. See, Merriam et al., PQycfrjiatr. Aqnals, 
Vol. 23, pp. 171-178 (1993) and Adler et al . , Biol. 
P B vchiatry. Vol. 607-616 {V992) . 

' * ' T " ^Mc^^^^i^n "rn^po^t- to ftavd a rium!56r 

of 



■ ' attain or those effects 

may be re if^fcetT Tt p . . WE f Wpt s^upon neurotransmitter 

!<f993 j , *fere 
^tin#' Ife&ie ' pro^Me'ill'. 

lamirie by neurons upon 
ISy'Rbfcell 
-1598 (19S4) ; 
50. pp. 1123-11 3 6 
i^s:' ; ' Voi . 567. pp. 313- 




316 (1991) and Vizi, T*r. J. Pharmacol.. Vol. 47, pp. 
765-777 (1973) . Release of norepinephrine by neurons 
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upon administration of nicotine has been reported by 
Hall et al., Biochem ■ Pharmacol . , Vol. 21, pp. 1829- 
1838 (1972) . Release of serotonin by neurons upon 
administration of nicotine has been reported by Hery 
5 et al., Arch. Int. Pharmacodvn . Ther. . Vol. 296, pp. 
91-97 (1977) . Release of glutamate by neurons upon 
administration of nicotine has been reported by Toth et 
al., Neurochem Res . . Vol. 17, pp. 265-271 (1992). 
Therefore, it would be desirable to provide a 
10 pharmaceutical composition containing an active 
ingredient having nicotinic pharmacology, which 
pharmaceutical composition is capable of illicting 
neurotransmitter release within a subject in order to 
prevent or treat a neurological disorder. In addition, 
15 nicotine reportedly potentiates the pharmacological 
behavior of certain pharmaceutical compositions used 
for the treatment of certain CNS disorders. See, 
Sanberg et al . , Pharmacol. Biochem. & Behavior . Vol . 
46, pp. 303-307 (1993); Harsing et al., J. Neurochem. . 
20 Vol. 59, pp. 48-54 (1993) and Hughes, Proceedings from 
Intl . Svmp . Nic . . S40 (1994) . Furthermore, various 
other beneficial pharmacological effects of nicotine 
have been proposed. See, Decina et al., Biol . 
^^^^^-^1.; 2 8 ;; pp. 502-508 (1990); Wiagner ,et al . , 
™^BSBffiBimgiflfe. .Vol.. .2%,, 34)1^3j03 ; 

ifl?..-... Addict" iVA Behavlore . Vril . Q_ r>_ 265 




ctive Behaviors . Vol . 9, p. 
Life Sei.. VQl ; 54 , |3) ., ,pp. 193- 



on, y^lflg in 




col ... Res. . Vol . 



desirable to provide a useful 
to or suffering from su ch a 



ring from certain CNS disorders with 
interruption of th symptoms of thos diseases by the 
administration of a pharmaceutical composition which 
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has nicotinic pharmacology and which has a ben ficial 
effect upon the functioning of the CNS, but which does 
not provide any significant associated side effects 
(e.g., increased heart rate and blood pressure) 
5 attendant with interaction of that compound with 

cardiovascular sites. It would be highly desirable to 
provide a pharmaceutical composition incorporating a 
compound which interacts with nicotinic receptors which 
have the potential to affect the functioning of the 
10 CNS, but which does not significantly affect those 
receptors which have the potential to induce 
undesirable side effects (e.g., appreciable pressor 
cardiovascular effects and appreciable activity at 
skeletal muscle sites) . 



15 Summary of the Invention 

The present invention relates to aryl 
substituted aliphatic amine compounds, aryl substituted 
olefinic amine compounds and aryl substituted 
acetylenic amine compounds. 
20 The present invention relates to a method for 

providing prevention or treatment of a central nervous 
system (CNS) disorder. The method involves 
administering to a subject an effective amount of a 
compbund of the ^r|iekt inv^fitidh. 



25 The present invention, in another aspect, 

relates to a pharmaceutical composxtxon comprising an 
effective amount of a compound of the present 



lii iiiiatiiiiittfiiiiiiiifitiitii ' ! rt 



invention 
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Such a _ 

incOTpwates a compoui^^^ 

intSISiiig with rlSM HMfc f^fe Mt^ of a 

subject, arid hence nal tKE cSploilxty of*SetingWs a 

\ . -r --;ij*^^* ' ■ """" 

therapeutic in the prevention or trea 

disorder. 

Th pharmaceutical composition^ 6£ tKe 
present invention are useful for the prevention and 
treatment of CNS disorders. The pharmaceutical 



Event of a CNS 




■Xf. 
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compositions provide therapeutic benefit to individuals 
suffering from certain CNS disorders and exhibiting 
clinical manifestations of such disorders in that the 
compounds within those compositions have the potential 
5 to (i) exhibit nicotinic pharmacology and affect 

nicotinic receptors sites in the CNS (e.g., act as a 
pharmacological agonist to activate nicotinic 
receptors) , and (ii) elicit neurotransmitter secretion, 
and hence prevent and suppress the symptoms associated 

10 with those diseases. In addition, the compounds are 
expected to have the potential to (i) increase the 
number of nicotinic cholinergic receptors of the brain 
of the patient, (ii) exhibit neuroprotective effects 
and (iii) not provide appreciable adverse side effects 

15 (e.g., significant increases in blood pressure and 
heart rate, and significant effects upon skeletal 
muscle) . The pharmaceutical compositions of the 
present invention are believed to be safe and effective 
with regards to prevention and treatment of CNS 

20 disorders. 



25 



Defied Description pf frhe Prejgyrea Etnbodimepts 

The present invention, in one aspect, relates 
to certain cpnippun formula: 




30 where X is, niti^en ft jor carbon 

species ctaracte ^ ^ m valu 

than 0, of ^n greater than 0 

0.2 and ven greater than 0.3; less than 0 and 
generally less than -0.1; or 0; as determined in 
35 accordance with Hansch et al., Chem. Rev. . Vol. 91, pp. 
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165-195 (1991) ; n is an integer which can range from 1 
to 5, preferably from 1 to 3, and most preferably is 2 
or 3; Z' and Z" individually represent hydrogen or 
lower alkyl (e.g., alkyl containing one to five carbon 
atoms, such as methyl, ethyl or isopropyl) , and 
preferably at least one of Z' and Z" is hydrogen; A, 
A' and A' ' individually represent hydrogen, alkyl 
(e.g., lower straight chain or branched alkyl, 
including C x - C 7 , but preferably methyl or ethyl) or 
halo (e.g., F, CI, Br or I); the dashed line in the 
structure represents a C-C single bond, a C-C double 
bond or a C-C triple bond; the wavy line in the 
structure represents a cis (Z) or trans (E) form of the 
compound when the dashed line is a C-C double bond; and 
X' represents CH 2 when the dashed line is a C-C single 
bond, CH when the dashed line is a C-C double bond, and 
C when the dashed line is a C-C triple bond. X 
includes N, C-H, C-F, C-Cl, C-Br, C-I, C-NR'R", C-CF 3 , 
C-OH, C-CN, C-SH, C-SCH 3 , C-N 3 , C-S0 2 CH 3 , C-OR' , C-C(=0)N 
R'R' ' , C-NR'C(=0)R' , C-C(=0)0R', C-OC(=0)R', C- 
OC(=0)NR'R" and C-NR' C (=Q) OR' where R' and R" are 
individually hydrogen or lower alkyl (e.g., alkyl 
containing one to five carbon atoms, preferably methyl 
or ethyl) . When X represents! a c^^j^^tdm fcohaed to a 
i^bet ityent species^ th^t 
has a sigma m value which is', 'bel^^m^ 
about 0.75, and frequently betwe^ ~ 



about 0.6. In certain circums 
dashed line is a C-C dQuBle 




^M^ifd line 

the taraits (E) f paS,^ :%B§ r" 1 
characterxzed^s Waving^ r a 

th cotnpowl^^Sas tW trlSfis T 
all are hydrogen, n is 2, an 
substituent species is characterized as having a sigma 
m value not equal to 0. In addition, it is highly 
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pref rred that A is hydrogen, it is preferred that A' 
is hydrogen, and normally A" is hydrogen. Generally, 
both A and A # are hydrogen; sometimes A and A' are 
hydrogen, and A'' is methyl or ethyl; and often A, A' 
5 and A'' are all hydrogen. One representative compound 
is N-methyl-4- (3-pyridinyl) -butane -1 -amine for which 
for which the dashed line is a C-C single bond, X' is 
CH 2 , X is C-H, n is 2, and A, A', A'' and Z' each are 
hydrogen, and Z" is methyl. Another representative 

10 compound is N-methyl-4- (3-pyridinyl) -3 -but yne-1 -amine 
for which for which the dashed line is a C-C triple 
bond, X' is C, X is C-H, n is 2, and A, A', A" and Z' 
each are hydrogen, and Z' ' is methyl. Other 
representative compounds are (Z) -metanicotine and (E) - 

15 metanicotine, for which the dashed line is a C-C double 
bond, X' is CH, n is 2, and A, A', A'' and Z' each are 
hydrogen, and Z" is methyl. Of particular interest 
are compounds having the formula: 



20 




(CH 2 ) n . 



T 

2" 



25 where 



or trans (E) £c^ f 



have, theucis (Z) 



as haying 



titan 6.1, 




imidinyl)-3< 
, <*t«« A, A' 



A", Z' and Z" 
r pr sentative compound is (E)-4-[3-(5- 
methoxypyridin)yl] -3 -but ne-l-amin for which X is C- 
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OCH 3 , n is 2, and A, A' , A", Z' and Z" each are 
hydrogen. Another representative compound is (E) -N- 
methyl-4- (5-pyrimidinyl) -3-butene-l-amine for which X 
is N, n is 2, A, A', A", and Z' are each hydrogen, 
and Z" is methyl. Another representative compound is 
(E) -N-methyl-4- [3- (5-methoxypyridin)yl] -3-butene-l- 
amine for which X is C-OCH 3 , n is 2, and A, A' , A' 9 , 
and Z' are each hydrogen, and Z" is methyl. Another 
representative compound is (E)-4-[3-(5- 
ethoxypyridin)yl] -3-butene-l-amine for which X is C- 
0CH 2 CH 3 , n is 2, and A, A', A' ' , Z' and Z" each are 
hydrogen. Another representative compound is (E) -N- 
methyl-4- [3- (5-ethoxypyridin)yl] -3-butene-l-amine for 
which X is C-OCH 2 CH 3 , n is 2, A, A', A" and Z' each are 
hydrogen, and Z" is methyl. Another representative 
compound is (E) -4- [3- (B-aminopyridin)yl] -3-butene-l- 
amine for which X is C-NH 2 , n is 2, and A, A' , A" , Z' 
and Z'' each are hydrogen. Another representative 
compound is (E) -N-methyl-4- [3- (5-aminopyridin)yl] -3- 
butene-1- amine for which X is C-NH 2 , n is 2, A, A', A" 
and Z' each are hydrogen, and Z" is methyl. Another 
representative compound is (E)-4-[3-(5- 
bromopyridin)yl] -3-butene-l-amine for which X is C-Br, 



n is ^ , A* . A" ' , Z' and Z* ' each«re hydrogen. 

H ^^^ ^^S^pi^" cow^ound ±* ^m^^m^^ 1 ^- 

^WBSS^BMf-^ -KUtMe- l-airiini- folr^fi^ah i is C- 
Br, n' ifl 27T, ^' , A' » afiS Z' each Ire^Hyarogen, and 

m 



Z" is 

^^^g^^^^P^^ v %v' : A^' m^^m ^ : ^r ' 

W fiji ^^me^Sp^'^Si- 

f^ ;4 inir z-" 

A, A' «i^2' r "eacn ar hydrogen. Another representative 
compound is (E) -N-methyl-4- [3- (G-methylpyridin)yl] -3- 
butene-l-amin for which X is C-H, n is 2, A" and Z" 
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each are m thyl, and A, A' and Z' each are hydrogen. 
Another representative compound is (E)-4-[3-(6- 
methylpyridin)yl] -3-butene-l-amine for which X is C-H, 
n is 2, A' 9 is methyl, and A, A', Z' and Z' ' each are 
hydrogen. Another representative compound is (E) -N- 
methyl-5- [3-pyridinyl] -4-pentene-l-amine for which X is 
C-H, n is 3, Z" is methyl, and A, A', A" and Z' are 
each hydrogen. Another representative compound is (E) - 
N- (2-propyl) -4- [3-pyridynyl] -3-butene-l-amine for which 
X is C-H, n is 2, Z' ' is isopropyl, and A, A', A'' and 
Z' are each hydrogen. 

The manner in which aryl substituted 
aliphatic amine compounds of the present invention are 
synthetically produced can vary. Preparation of 
various aryl substituted aliphatic amine compounds can 
be carried out using the types of techniques disclosed 
by Rondahl, Acta Pharm. Suec . . Vol. 13, pp. 229-234 
(1976) . Certain metanicotine-type compounds that 
possess a saturated side chain rather than an olefinic 
side chain can be prepared by hydrogenation of the 
corresponding metanicotine-type compounds or the 
corresponding acetylenic precursors. For example, 
dihydrometanicotine can be prepared by hydrogenation of 
"W6€lnic6tihe as described by Kamimura et al. , Aor. 
if61. 27, No. 10, |>p. €8l-&fl (i$£3). 
TKe manner in which aryl substituted 
enic amine compounds of the present invention are 
"*^lf^y^^^&u^S "Mry . ; ; f ^^^l^fi, an aryl 
Ir a^leriic j^ne c8^|^ 
tyffe - 1 - mhu^ , 
$tic st|p§ : 



le to a l/i^lHaiS^lS-^yiriMnyl) - 
using a carbon tetrahalide SStd 

\i!t) l^t*^ 
ate by reaction with butyl lithium and 
thylen oxid , affording 4- (3-pyridinyl) -3 -butyn-l-ol, 
(iii) conversion of this intermediat to its 
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raethanesulfonate ester, and (iv) mesylate displacement 
with methyl amine, affording N-methyl-4- (3-pyridinyl) - 
3 -butyne - 1 - amine . 

The manner in which aryl substituted olefinic 
amine compounds of the present invention are 
synthetically produced can vary. (E) -metanicotine can 
be prepared using the techniques set forth by Loffler 
et al., Phem. Ber. . Vol. 42, pp. 3431-3438 (1909) and 
Laforge, J.A.C.S. . Vol. 50, p. 2477 (1928). Certain 
novel 6 -substituted metanicotine -type compounds can be 
prepared from the corresponding 6-substituted nicotine- 
type compounds using the general methods of Acheson et 
al., .T. Phem. Son-- Perkin Trans. 1. Vol. 2, pp. 579- 
585 (1980) . The requisite precursors for such 
compounds, 6-substituted nicotine-type compounds, can 
be synthesized from 6-substituted nicotinic acid esters 
using the general methods disclosed by Rondahl, Acta 
Pharm. Suec . Vol. 14, pp 113-118 (1977). Preparation 
of certain 5-substituted metanicotine -type compounds 
can be accomplished from the corresponding 5- 
substituted nicotine-type compounds using the general 
method taught by Acheson et al . , J, Chem, Spc, Pgrkj.n 
Trans. 1 . Vol. 2, pp. 579-585 (1980). The 5-halo 
nicotine- type compounds (e.g., f luoro and =bromo 
nicotine -feype cbni&ounds') and the 5 - amino ixtii&t!i/iffiW0#fr 
compounds can be prfefared using fehe ^gene^f ! #^ee^u^s.: 

113-118 (if 77|. & ; 'S^SfeBSfflWiftH^^ 
compound^ cati be px?epa»Sd ua!H$^*t^^ 
' mat eriaor 




cbmpbun^^ icatf'"^®^^ 
cataiyztd 1 tou^ilW 

terminal ol fin containing a protected amine 
substituent, removal of the protective group to obtain 
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a primary amine, and optional alkylation to provide a 
secondary or tertiary amine. In particular, certain 
metanicotine-type compounds can be prepared by 
subjecting a 3 -halo substituted, 5-substituted pyridine 
compound or a 5 -halo substituted pyrimidine compound to 
a palladium catalyzed coupling reaction using an olefin 
possessing a protected amine functionality (e.g., such 
an olefin provided by the reaction of a phthalimide 
salt with 3-halo-l-propene, 4-halo-l-butene, 5 -halo- 1- 
pentene or 6-halo-l-hexene) . See, Prank et al., J. 
Pro. Chem. . Vol. 43(15), pp. 2947-2949 (1978) and Malek 
et al., J. Org. Chem. . Vol. 47, pp. 5395-5397 (1982). 
Alternatively, certain metanicotine-type compounds can 
be prepared by coupling an N-protected, modified amino 
acid residue, such as 4- (N-methyl-N- tert - 
butyloxycarbonyDaminobutyric acid methyl ester, with 
an aryl lithium compound, as can be derived from a 
suitable aryl halide and butyl lithium. The resulting 
N-protected aryl ketone is then chemically reduced to 
the corresponding alcohol, converted to the alkyl 
halide, and subsequently dehydrohalogenated to 
introduce the olefin functionality. Removal of the N- 
protecting group affords the desired metanicotine-type 
compound . 

providing (2) -metanicotine-type e<| 
method, (Z) 



-metanicot ine - type com; 



There are a number of di*S^#e;fife~ for 



of E and Z isomers; and the W) J x&Si^ 

cmpm^& cSh ^mi m k^p»t4a 




ie EjjJI 





onaing aicety 



-3-butyne-l-afj 

substituted (Z) -metanicotine-typ compounds and certain 
6-substituted (Z) -metanicotine-type compounds can be 
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prepared from 5-substituted-3-pyridinecarboxaldehydes 
and 6 -substituted- 3 -pyridinecarboxaldehydes , 

respectively. 

A representative compound, (E) -N-methyl-4- [3- 
5 (5-bromopyridin)yl] -3-butene-l-amine, can be 
synthesized using the following representative 
procedure. 5-Bromonicotine (0.018 mole) in 10 ml of 
methylene chloride dried over phosphorous pentaoxide 
has a solution of ethyl chloroformate (0.018 mole) in 
10 10 mL of similarly dried methylene chloride added 

dropwise over 10 to 15 minutes. The resulting mixture 
then is ref luxed under nitrogen atmosphere for about 3 
hours. Then, the methylene chloride is removed using a 
rotary evaporator, and the remaining material is 
15 distilled under reduced pressure to yield a isl- 
et hyl carbamate derivative of 5-bromometanicotine 
product as a thick liquid which has a boiling point of 
182 °C at 0.04 mm Hg. This product (0.08 mole) is then 
refluxed for several hours in 15 ml of concentrated 
20 aqueous hydrochloric acid. The resulting reaction 
mixture was cooled and basified to pH 8-9 using 
concentrated aqueous sodium hydroxide while the mixture 
is maintained at a temperature of about 0°C. The 
resulting product is^extracted^dur times with 20 ml 
25. quantities ' of coOectefd 
fractions are d^^l! ^^ ^^^^Pb" %pdiurri sulfate. 



30 



Then, the cKlbfS»H 



evaporator, 
under reducie^ p^^S 



?e?Mr"is 




'(E) -N-tnethyl-4- [3- 



^m^ningr 

as a 
bf 115°C at 
^S|-*1b6 a 
'®&&%t 14'8-150*C. 
tl^ft^thyi - 5-13 - 
^ I^tfirsized using 
the following representative procedure. A solution of 
N-methyl anabasine (0.011 mole) in 100 mL methylene 



fumarate 

A 

35 pyridinyl] 



4 



WO 96/20929 



PCT/US95/16903 



-17- 



10 



15 



20 



25 



30 



chloride is added dropwise into a slight molar xcess 
of ethyl chloroformate in 100 mL methylene chloride 
under nitrogen atmosphere in a flask equipped with a 
condenser. Then, the mixture is refluxed for about 3 
hours. Then, the methylene chloride is removed using a 
rotary evaporator, and the remaining material is 
distilled using a short-path distillation apparatus to 
yield N- ethyl carbamate of trans -homometanicotine 
product as a colorless liquid which has a boiling point 
of 170-172°C at 1 mm Hg. This product (0.012 mole) is 
dissolved in 50 mL concentrated aqueous hydrochloric 
acid, and the resulting mixture is refluxed overnight. 
The reaction mixture then is cooled. The resulting 
product is extracted four times with 20 mL quantities 
of chloroform, and the combined collected fractions are 
dried over anhydrous sodium sulfate. Then, the 
chloroform is removed using a rotary evaporator, and 
the remaining material is distilled under reduced 
pressure to yield the (E) -N-methyl-5- [3-pyridinyl] -4- 
pentene-1 -amine product as a colorless liquid which has 
a boiling point of 81-82°C at 4 mm Hg. That product 
can be converted to a fumarate salt, which has a 
melting point of 139-140oC. 

^ ^gggeggl^ative compound, (E) -N- (2 -propyl) - 

WJ&e .^p^ized 
g^en^at^iye proc^dap. <E> -4 - 
rl-amine (0.5 millxmole) is 
the procedure of Heck, J. Pro. 



35 




(1978) , combined with 2- 

tetrahydrofuran is removed 
and 5 mL ethyl ether is addled 
Filtration followed by 
ill a rotary evaporator yi Ids a brown oil 
which can be purified by column chromatography followed 
by distillation tinder reduced pressure (138-140°C at 
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0.25 mm Hg) to yield the (E) -N- (2 -propyl) -4- [3- 
pyridynyl ] - 3 - but ene - 1 - amine product . 

A representative compound, (E) -N-methyl-4- [3- 
(B-aminopyridin)yl] -3-butene-l-amine, can be 
5 synthesized using the following representative 

procedure. 5-Amino nicotine (1 millimole) is prepared 
according to the procedure of Rondahl, Acta. Pharm. 
Suec . . Vol. 14, pp. 113 (1977), combined with phthalic 
anhydride (1 millimole) , and refluxed in 3 mL toluene 
10 for 16 hours using a Dean-Stark trap. The reaction 
mixture is cooled to ambient temperature and the 
toluene is removed using a rotary evaporator. To the 
remaining residue is added 2 mL methylene chloride, 
followed by dropwise addition of ethyl chloroformate 
15 (1.1 millimole) under nitrogen atmosphere. The 

resulting mixture is refluxed for 8 hours, cooled to 
ambient temperature, and concentrated on a rotary 
evaporator. The resulting viscous oil is heated to 
160 °C under vacuum for one hour, and then cooled to 
20 ambient temperature. Then, 10 mL of a 10 percent 

aqueous solution of sodium bicarbonate is added to the 
reaction mixture. That mixture then is extracted three 
times with 15 mL portions of chloroform. The combined 
portions then are dried over anhydrous potassium 
S^feate. Filtration foiled by evaporation of 
c^^r^firm yields a pale brown oii. this oil is 

1SL 6'f a 
3 >0^"<m& . This 
^H^B^'i* stirred for 10 hours. Thttt, £^ttfih^cir6fttran 

*W!Sr. Concentrated : taid' (5 

Slid to the rea^ti^ 



25 




several hours. 



The acidxc solutj 



eSt temperature , is 
10 mL portions of ethyl acetat . Then, the ac3 
solution is basified using potassium carbonate and 
then sodium hydroxid . The basic solution th n is 
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extracted four times with 10 mL portions of n-butyl 
alcohol. The combined extracts are dried over 
anhydrous magnesium sulfate. Filtration, followed by 
concentration on a rotary evaporator yields the (E) -N- 
5 methyl-4- [3- (5-aminopyridin)yl] -3-butene-l-amine 
product as a dark brown oil . The product can be 
purified by column chromatography using a 
chloroform : methanol : tri ethyl amine (60 : 20 : 20) solvent 
system as an eluent. 

0 The present invention relates to a method for 
providing prevention of a CNS disorder to a subject 
susceptible to such a disorder, and for providing 
treatment to a subject suffering from a CNS disorder. 
In particular, the method comprises administering to a 

5 patient an amount of a compound effective for providing 
some degree of prevention of the progression of the CNS 
disorder (i.e., provide protective effects), 
amelioration of the symptoms of the CNS disorder, and 
amelioration of the reoccurrence of the CNS disorder. 

1 The method involves administering an effective amount 
of a compound selected from the general formulae which 
are set forth hereinbefore. The present invention 
relates to a pharmaceutical composition incorporating a 
compound selected from the general formulae which are 

The compounds normally are not 



set forth hereinbefore . 

optically active. Howfever, certain compounds can 
possess substituent groups of a character so that those 



compounds possess optical activity. Optically active 
comppiA<is can be etriployed as raceniic mixtures or as 



bM m or in a 



v Jlt fpCTt'(e.f,, ae pKaf^^ 
ascorbate, sulfate, tartrate, fumarate, citrate, 



maLil^e, lactase or a's^arCSt^e 

ce with the present 
invention include presenile d mentia (early ons t 
Alzheimer's disease), senile dem ntia (dementia of the 




le rs 
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Alzheimer's type), Parkinsonism including Parkinson's 
disease, Huntington's chorea, tardive dyskinesia, 
hyperkinesia, mania, attention deficit disorder, 
anxiety, dyslexia, schizophrenia and Tourette's 
5 syndrome . 

The pharmaceutical composition also can 
include various other components as additives or 
adjuncts. Exemplary pharmaceutically acceptable 
components or adjuncts which are employed in relevant 

10 circumstances include antioxidants, free radical 
scavenging agents, peptides, growth factors, 
antibiotics, bacteriostatic agents, immunosuppressives, 
buffering agents, anti- inflammatory agents, anti- 
pyretics, time release binders, anaesthetics, steroids 

15 and corticosteroids. 

Such components can provide additional 
therapeutic benefit, act to affect the therapeutic 
action of the pharmaceutical composition, or act 
towards preventing any potential side effects which may 

20 be posed as a result of administration of the 

pharmaceutical composition. In certain circumstances, 
a compound of the present invention can be employed as 
part of a pharmaceutical composition with other 
cQii^o^j3.4nten<ied to prevent or treat a particular CNS 



The manner in which the fi qn^^ 
administered can vary. The compo unds jc§X i **>fe 
a<Jministfr,e4 by inhalation (e.g., in^Wlorra of at 



30 



35 




saline solution) ; as an ihfus 




a suspension or as an emulsion in a pharmac utically 
acceptable liquid or mixture of liquids) ; or 



t 



WO 96/20929 



PCTYUS95/16903 



-21- 



transdermally (e.g., UBing a transd rmal patch). 
Although it is possible to administer the compounds in 
the form of a bulk active chemical, it is preferred to 
present each compound in the form of a pharmaceutical 
5 composition or formulation for efficient and effective 
administration. Exemplary methods for administering 
such compounds will be apparent to the skilled artisan. 
For example, the compounds can be administered in the 
form of a tablet, a hard gelatin capsule or as a time 

10 release capsule. As another example, the compounds can 
be delivered transdermally using the types of patch 
technologies available from Ciba-Geigy Corporation and 
Alza Corporation. The administration of the 
pharmaceutical compositions of the present invention 

15 can be intermittent, or at a gradual, continuous, 

constant or controlled rate to a warm-blooded animal, 
such as a human being. In addition, the time of day 
and the number of times per day that the pharmaceutical 
formulation is administered can vary. Administration 

20 preferably is such that the active ingredients of the 
pharmaceutical formulation interact with receptor sites 
within the body of the subject that effect the 
functioning of the CNS. 



(e.g., licit neurotransmitter secretion, thus 
resulting in effectiv prevention or treatment of the 



35 



25 



30 
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disorder) . Prev ntion of the disorder is manifested by 
delaying the onset of the symptoms of the disorder. 
Treatment of the disorder is manifested by a decrease 
in the symptoms associated with the disorder or an 
5 amelioration of the reoccurrence of the symptoms of the 
disorder. 

The effective dose can vary, depending upon 
factors such as the condition of the patient, the 
severity of the symptoms of the disorder, and the 

10 manner in which the pharmaceutical composition is 

administered. For human patients, the effective dose 
of typical compounds generally requires administering 
the compound in an amount of at least about 1, often at 
least about 10, and frequently at least about 25 mg / 

15 24 hr. / patient. For human patients, the effective 
dose of typical compounds requires administering the 
compound which generally does not exceed about 500, 
often does not exceed about 400, and frequently does 
not exceed about 300 mg / 24 hr. / patient. In 

20 addition, administration of the effective dose is such 
that the concentration of the compound within the 
plasma of the patient normally does not exceed 500 
ng/ml, and frequently does not exceed 100 ng/ml. 

The confounds useful according to the method 

25 the abilit y to P ass 

aggps ^^aij ^^^^^^P^ 1 barrier of the patient. As 
auc*^^ afeil i ty to enter the 

cent;^ patient . Tfiie log P 

_ v aM^^^^^^lfea^ ds useful in carrying but the 
3Q t ^bI^^^mS^^^^S^^ ^Iv are greater tfteth -6; 5, 

^>but 0, arici frequently aire 
f The log P values of such 
federally are less than about 3.0, 
Sfeft 2.5, arid' f requferit iy aire less 
35 than about 2,0 • Log P values provxde a measure of the 
ability of a compound to pass across a diffusion 
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10 



15 



20 



barrier, such as a biological membrane* See, Hansch, 
et al., J. Meflt q^Hn Vol. 11, p. 1 (1968). 

The compounds useful according to the method 
of the present invention have the ability to bind to, 
and in most circumstances, cause activation of, 
nicotinic cholinergic receptors of the brain of the 
patient. As such, such compounds have the ability to 
express nicotinic pharmacology, and in particular, to 
act as nicotinic agonists. The receptor binding 
constants of typical compounds useful in carrying out 
the present invention generally exceed about 1 nM, 
often exceed about 200 nM, and frequently exceed about 
500 nM. The receptor binding constants of such typical 
compounds generally are less than about 10 uM, often 
are less than about 7 uM, and frequently are less than 
about 2 uM. Receptor binding constants provide a 
measure of the ability of the compound to bind to half 
of the relevant receptor sites of certain brain cells 
of the patient. See, Cheng, et al., Biocfteflu 
Pharmacol. , Vol. 22, pp. 3099-3108 (1973). 

The compounds useful according to the method 
of the present invention have the ability to 
demonstrate a nicotinic function by effectively 
j^i^ ^epretion r f rem .nerve ending 



aaa, &he : ,aMAifeY to -ga^is 



.relevant, neurons to 




tXRical cMQMMfa useful 



elicited 



jumbo*. *mti^,vm* 



35 



e cretion of dopamine in an amount which can exceed 
that elicited by an equal molar amount of (S)-(-)- 
nicotine . 



i 



WO 96/20929 



PCT/US95/16903 



-24- 

The compounds of the present invention, when 
employed in effective amounts in accordance with the 
method of the present invention, lack the ability to 
elicit activation of nicotinic receptors of human 
5 muscle to any significant degree. In that regard, the 
compounds of the present invention demonstrate poor 
ability to cause isotopic rubidium ion flux through 
nicotinic receptors in cell preparations derived from 
muscle preparations. Thus, such compounds exhibit 

10 receptor activation constants or EC50 values (i.e., 
which provide a measure of the concentration of 
compound needed to activate half of the relevant 
receptor sites of the skeletal muscle of a patient) 
which are relatively high. Generally, typical 

15 compounds useful in carrying the present invention 
activate isotopic rubidium ion flux by less than 15 
percent, often by less than 10 percent, and frequently 
by less than 5 percent, of that elicited by an equal 
molar amount of IS) -(-) -nicotine. 

20 The compounds of the present invention, when 

employed in effective amounts in accordance with the 
method of the present invention, are selective to 
certain relevant nicotinic receptors, but do not cause 




nicotinic receptors in cell preparations derived from 
the adrenal gland. Generally, typical compounds useful 



i 
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in carrying the present invention activate isotopic 
rubidium ion flux by less than 15 percent, often by 
less than 10 percent, and frequently by less than 5 
percent, of that elicited by an equal molar amount of 
5 (S) - ( - ) -nicotine . 

Compounds of the present invention, when 
employed in effective amounts in accordance with the 
method of the present invention, are effective towards 
providing some degree of prevention of the progression 

10 of CNS disorders, amelioration of the symptoms of CNS 
disorders, and amelioration to some degree of the 
reoccurrence of CNS disorders. However, such effective 
amounts of those compounds are not sufficient to elicit 
any appreciable side effects, as demonstrated by 

15 increased effects relating to the cardiovascular 
system, and effects to skeletal muscle. As such, 
administration of compounds of the present invention 
provides a therapeutic window in which treatment of 
certain CNS disorders is provided, and side effects are 

20 avoided. That is, an effective dose of a compound of 
the present invention is sufficient to provide the 
desired effects upon the CNS, but is insufficient 
(i.e., is not at a high enough level) to provide 
undesirable side effects. Preferably, effective 

25 a^iilistrttidh of a coriftpund of the presents inrent ion 



30 



^ in treatment of CNS disorders pccUgs^ut 

administration of less than 1/5, and often less tffian 
1/10, that ^Somt sfifficieSt to cause aHjrsaS^?l§Efs 
to a f ^g^f^gg^tdegx^. 

5e fol?^ is 



hents 



further illustrate various embbd i _ 

but should not be construed 
thereof . Unless otherwise noted, all 
percentag s are by weight. 
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EXAMPLE 

Sample No. 1 is (E) -4- (5-pyrimidinyl) -3- 
butene-1- amine monofumarate (compound III 
monofumarate) , which was prepared essentially in 
5 accordance with the following techniques. 



M-3-Butene-l-phth alimide (I): 

This compound was prepared essentially in 
accordance with the techniques described in Heck, et 
al., »T. Org. Chem. . Vol. 43, pp. 2947-2949 (1978). 



10 



15 



20 



25 



30 



(El -N- T4- (S-Pvritnidinvl) - 3-butene-l-1 nhthalimide (II) : 
Under a nitrogen atmosphere, a mixture of I 
(28.20 g, 140 mmol) , 5-bromopyrimidine (21.63 g, 136 
mmol), palladium(II) acetate (306 mg, 1.4 mmol), tri-o.- 
tolylphosphine (828 mg, 2.7 mmol) , and triethylamine 
(27.54 g, 272 mmol) was stirred and heated at ~ 110°C 
for 27 h. The precipitated brown solids were slurried 
in water, filtered, and dissolved in hot N,N- 
dimethylformamide (DMF) (75 mL) . Charcoal (Darco® G- 
60, l g) was added and the mixture filtered through 
Celite® (1.8 g) , washing the filter cake with hot DMF 
(10 mL) . The filtrate was diluted with an equal volume 
of water and cooled at S°C for 1'5-h: The-solids were 



filtered, washed with wafer* 

Further purification, inyglyiM 7 
from DMF-water (1:1), foia 
recrystallizationg from, toap 



■ .:-^:,t^L _ .. .... 

<m, 00), 1703 

(8), 1MI ( ' 

trans C«C) , 




75.1%) . 
scTy^ai!ii%^'iSAs 

iiihd II as 
Wffitti , nip 

1 (w) , 1768 
(m) , 1433 
964 (m, 
*nz he) , 717 



(w, 5-pyrimidinyl), 633 (w, 5-pyrimidinyl) cm" 1 
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l H NMR (CDClj) : 6 9.01 (s, 1H) , 8.60 (s, 2H) , 
7.85 (m, 2H) , 7.70 (m, 2H) , 6.35 (m, 2H) , 3.85 (m, 2H) , 
2.63 (m, 2H) . 

l3 C NMR (CDC1 3 ) : 6 168.26, 157.21, 154.09, 
5 134.07, 131.97, 131.37, 130.69, 125.60, 123.33, 37.11, 
32.49. 

EI -MS: m/z (relative intensity) 279 (M*\ 
5%), 160 (100%), 131 (43%), 119 (45%), 104 (17%), 77 
(31%) , 65 (13%) , 51 (11%) . 
10 HRMS: Calcd. for C 16 H 13 N 3 0 2 (M**) : m/z 

279.0992. Found: 279.1008. 

Anal. Calcd. for C 16 H 13 N 3 0 2 : C, 68.81; H, 4.69; 
N, 15.05. Found: C, 68.68; H, 4.82; N, 14.94. 



15 



20 



25 



30 



(E) -4- (5-Pvrimidinvl) -3-butene-l-ami ne (III) : 

Hydrazine hydrate (2.69 g, 53.7 mtnol, 99%) 
was added to a mixture of II (6.00 g, 21.5 mtnol) and 
methanol (100 mL) , and the mixture was stirred at 
ambient temperature for 27 h. The white suspension was 
diluted with 1M NaOH solution (400 mL) and extracted 
with chloroform (5 x 100 mL) . The chloroform extracts 
were combined, dried (Na 2 S0 4 ) , filtered, and 
concentrated by rotary evaporation. The residue was 
vacuum drl|d . ,5 ^h^t^S^ IE) t4- (5-pyximidinyl) - 
3 -bu£ene-l|^ ., 7 yellow,..oil,. (2.. 9,5 <g„ 

N-H) , 1655 (m, C-C). 
^ ki m, 1415 (a), 1390 <m), 1317 

' fs., 5- 

,. € 4 ) cm- 1 . 




130 . 92 , 124 . 82 , 44. 36 , 37 .44 



(8, 1H) , 8.68 (8, 2H), , 
7;. Hz) , 2 , 40 (m, 2H) , 

7 6^15 7. 04. 153.96, 133.16, 
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20 



EI-MS: m/z {relative intensity) 148 (M**-i, 
0.1%), 132 (1%), 120 (100%), 93 (31%), 66 (40%), 51 
(11%) , 44 (14%) . 

The monofumarate of III was prepared by- 
adding a warm solution of fumaric acid (156 mg, 1.34 
ramol) in ethanol (5 mL) to a warm solution of III (100 
mg, 0.67 nunol) in ethanol (3 mL) . The mixture was 
concentrated by rotary evaporation, and the slightly 
yellow solids were recrystallized from ethanol-ether 
(1:1) . The solids were filtered, washed with ethanol, 
ether, and vacuum dried at 50°C for 24 h, affording the 
monofumarate as a white, crystalline powder (63.8 mg, 
35.9%) , mp 160-161. 5°C. 

IR (KBr) : 3300-2300 (br, s, amine- 
carboxylate) , 1705 (s, C=0) , 1664 (s) , 1606 (s, C=C) , 
1556 (s) , 1409 (s, fumarate) , 1254 (m) , 1186 (m) , 981 
(m, trans C=C) , 852 (m) , 796 (m) . 723 (w f 5- 
pyrimidinyl) , 648 (m, fumarate) , 631 (m, 5-pyrimidinyl) 



cm" 



6.69 
(dt, 



25 



(S, 

1H, 



X H NMR (D 2 0) : 6 9.00 (s, 1H) , 8.84 (s, 2H) , 
2H) , 6.63 (d, 1H, J = 16.4 Hz), 6.52 and 6.46, 
J « 16.1, 6.8 Hz), 3.20 (m, 2H) , 2.72 (m, 2H) . 
1J C NMR (D 2 0) : 6 171.45, 154.10, 134.63, 
131 . 0,4 , 13 0 . 23 , 126 .05, 38.40, 3 0 . 33 . 

Jtaial. Calcd. for CjHiiNj' C;H 4 0 4 : C, 54.33; H, 
£*3Sht*Jli 15.84. Found: C, 54.24; H, 5.75; N, 15.65. 



^^^^tevi) -3-butene-l-amine (colnpduM ^f) , which was 
^gSfSntfalSy inicc»i«^"f» 




35 



■muim m w?> : ^ *?■ •^■■$mmm - , . : ,^k.-- 

A solution of di- tert -butyl dicarbonate (2.66 
g, 12.2 mmol) in methylene chloride (10 mL) was added 
dropwise over 5 min to a stirring solution of (E)-4-(5- 
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15 



20 




pyrimidinyl) -3-butene-l-amine (III) (1.70 g, 11.4 mmol) 
in methylene chloride at 0°C. The yellow solution was 
stirred at 0°C for 15 min and at ambient temperature 
for 22 h. Concentration by rotary evaporation, 
followed by vacuum drying at 30°C for 15 h afforded a 
yellow oil. The oil was chromatographed on silica gel 
(165 g) , eluting first with ethyl acetate to remove 
impurities. Elution with chloroform-methanol (2:1) 
afforded the product which was re -chromatographed 
eluting with ethyl acetate. Selected fractions were 
combined in chloroform and concentrated by rotary 
evaporation. The residue was vacuum dried at 35°C for 
48 h to give compound IV as a light yellow oil (2.56 g, 
90.1%), which crystallized upon cooling, affording a 
light yellow, crystalline solid, mp 54-55. 5©c. 

IR (KBr) : 3030 (w) , 2990 (w) , 2980 (w) , 2965 
(w), 2935 (w), 3298 (s, amide N-H) , 1712 (s, carbamate 
C«0) , 1657 (w, C=C) , 1560 (s) , 1535 (s, amide N-H) , 
1433 (s), 1414 (s), 1367 (s, tert -butyl ) , 1275 (s, 
amide N-H), 1246 (s, ester C-O) , 1174 (s, ester C-0) , 
1149 (s) , 1111 (m) , 987 (m) , 966 (m trans OC) , 723 (w, 
5 -pyrimidinyl) , 636 (m, 5 -pyrimidinyl) cm" 1 . 

2 H NMR (CDC1 3 ) : 6 9.05 (s, 1H) , 8.70 (s, 2H) , 
6.37 (m, 2H), 4.59 (br s, 1H) , 3.30 (m, 2H) , 2.43 (m, 
2H), 1.46 (6, SH) . 

1S C A ( C5C1 3 ) : 6 
L53.79, 
3*4 v65 # 28V56 , $B • M 

EI-14S: m/z (relative i ntensi ty) 249 
0.1%), 193 (15%), 176 (2WT, 132 U6?), 120 (7?%) , 1X9 



3 i ; u 157.34, 156.83, 155.84, 
132.24, 130.75, 125.15, 79.42, 39.64, 



JlT< 



93 (19%) , 65 (2 



16.86. 



Pound: C, 62.61;. H v 7.62; N, 16.78. 

: A' ' '■ **** V V.- 



lgj|2; H, 7.68; 




mm 
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(E) -N-Methvl-N-tert-Butvloxvcarbo nvl-4- (5-Pvrimidinvl) - 
3-butene-l-amine (V); 

Under a nitrogen atmosphere, sodium hydride 
(0.78 g, 19.5 mmol, 60% dispersion in oil) was added to 
a stirring solution of IV (0.50 g, 2.0 mmol) , 1,2- 
dimethoxyethane (20 mL) , DMF (25 mL) , and a trace of 
diisopropyl amine. The mixture was stirred at ambient 
temperature for 45 min, and a solution of iodomethane 
(2.59 g, 18.3 mmol) in 1, 2 -dimethoxyethane (5 mL) was 
added. The mixture was stirred at ambient temperature 
for 3 days, cooled, and water (25 mL) was added 
dropwise. The mixture was diluted with water (200 mL) 
and extracted with chloroform (7 x 50 mL) . All 
chloroform extracts were combined, dried (Na 2 S0 4 ) , 
filtered, and concentrated by rotary evaporation. The 
residue was dried under high vacuum at ambient 
temperature to give a red-brown oil. The oil was 
chromatographed on silica gel (50 g) , eluting with 
ethyl acetate. Selected fractions were combined, 
concentrated by rotary evaporation, and dried under 
high vacuum at ambient temperature to give compound V 
as a light yellow oil (0.40 g, 76.1%). 

IR (film) : 3650-3200 (br, w) , 2980 (m) , 2940 
(m) , 1697 (s, carbamate C-O) , 1556 (s) , 1484 (s) , 1452 
W , Nr^B,), 1411 (s, tert-js^^ 

tertriau^l), 136:? js) , 1304 (m), m? J™^ 
12.1f (mr, 1163 (f, ester C-O) , 1136 (sV, ?7^ffi, trdnfe 
C«C), 883 (m) ,774 (m) , 721 (m,/5^^ 




If, ^*-VtV I <^ '.; 



*H NMR (ODCl 3 ) : 



6 9.01 (s 



6.31 <m f/ Jf£, 3.3:2 <1* W/ ?.p Is, 



"J.r. 



"C NMR (CDC1 3 ) : 5 157.06. IS^T 
132.49, 13.0.94, 124.73, 79>5 ^, ^ T3B, 

EI-MS: m/z (relative int neity 
0.3%), 207 (5%), 190 (7%), 144 (24%), 133 




(9%), 120 



< 
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(39%), 93 (13%), 88 (15%), 65 (11%), 57 (100%), 44 
(89%) * 

HRMS: Calcd. for C 14 H 21 N 3 0 2 (M**) : m/z 
263.1634. Found: 263.1643* 



5 (E) -N-Methyl-4- (5-pyrimidinyl) -3-butene-l-amine (VI) : 
Under a nitrogen atmosphere, 
iodotrimethylsilane (0.50 g, 2.5 mmol) was added 
dropwise, at ambient temperature, to a stirring 
solution of V (0.33 g, 1.2 mmol) in chloroform (20 mL) . 

10 The red-brown mixture was stirred 30 min and methanol 
(20 mL) was added. The mixture was stirred 1 h and 
concentrated by rotary evaporation. The residue was 
basified with 1M NaOH solution (25 mL) and extracted 
with chloroform (7 x 25 mL) . The chloroform extracts 

15 were combined, dried (Na 2 S0 4 ) and concentrated by rotary 
evaporation, affording a brown oil. The oil was 
chromatographed on silica gel (35 g) , eluting with 
methanol -ammonium hydroxide (10:1). Selected fractions 
were combined, vacuum dried at 45°C for 3 h, affording 

20 (E) -N-methyl-N-4- (5-pyrimidinyl) -3-butene-l-amine (VI) 
as a brownish-yellow oil (0.12 g, 59.6%). 

IR (film): 3148 (br, s, N-H) , 1653 (s, C=C) , 
If 60 (s), 1473 (in), 1435 (fJ>| 970 (m, 

X H NMR (CDCI3) : 6~ " ' 
6.37 (m, 2H), 2.76 (t, 2H, J * 



3d 



Js, 2H), 




,<Q.3%), 



132 (0.4%) 



120.0676. Found: 120.0687. 
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Sample No. 3 is (E)-4-[3-(5- 



methoxypyridin)yl] -3-butene-l-amine monofumarate 
(compound IX monofumarate) , which was prepared 
essentially in accordance with the following 
5 techniques. 

3 -Bromo- 5 -methoxvpvr idine (VI I ) 

This compound was prepared essentially in 
accordance with the techniques described in Comins et 
al., J- Org. Chem. , Vol. 55, pp. 69-73 (1990). 

10 (E) -N-4- T3- (5-methoxvpvridin) vll -3-butene-l-phthalimide 
(VIII) : 



3-butene-l-phthalimide (I) (5.51 g, 27.4 mmol) , 3- 
bromo-5-methoxypyridine (VII) (5.00 g, 26.6 mmol), 
15 palladium(II) acetate (59.7 mg, 0.27 mmol), tri-o- 

tolylphosphine (162 mg, 0.53 mmol), and triethylamine 
(5.38 g, 53.2 mmol) was stirred and heated at - 100°C 
for 21 h. The precipitated brown solids were slurried 
in water, filtered, and dissolved in hot DMF (30 mL) . 
20 The mixture was filtered through Celite® (1 g) , washing 
the filter cake with hot DMF (10 mL) . The filtrate was 
diiufced^ Wi'th ah equal volume of water and ^cooled at 5<>C 



~7SX7T3W5 (w) , 1766 (m, C=0) , 1700 (s, 0=0), 1654 (m # 
C=C), 1580 (m, pyridinyl), 1455 (s) , 1420 (s) , 1320 
35 (m) , 1190 (m) , 1000 (s) , 973 (s, trans C=C) , 867 (s, 



Under a nitrogen atmosphere, a mixture of N- 
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3,5-disubst. pyridine), 723 (s, 1,2-disubst. benzene), 
703 (s, 3,5-disubst. pyridine) cm" 1 . 

l H NMR (CDC1 3 ) : 6 8.14 (s, 1H) , 8.08 (S, 
1H) , 7.82 (m, 2H) , 7.69 (m, 2H) , 7.10 (dd, 1H, J = 2.4, 
2.0 Hz), 6.38 (d, 1H, J = 16.1 Hz), 6.25 and 6.20 (dt, 
1H, J = 15.9, 6.8 Hz), 3.84 (t, 5H, including an 0-CH 3 
singlet, J = 7.1 Hz), 2.62 (dq, 2H, J = 7.1, 1.0 Hz). 

l3 C NMR (CDC1 3 ) : 5 168.27, 155.73, 140.72, 
136.45, 133.96, 132.05, 129.00, 123.26, 116.80, 55.52, 
37.34, 32.30. 

EI-MS: m/z (relative intensity) 308 (M*\ 
13%), 160 (100%), 148 (8%), 133 (10%), 105(8%), 77 
(15%) . 

Anal. Calcd. for C 18 H 1S N 2 0 3 : C, 70.12; H, 5.23; 
N, 9.09. Found: C, 70.34; H, 5.29; N, 9.00. 



20 



.25 



IR) -4- f3- <5-methoxvpvridin)vl1 -3-butene-l-amine (IX) : 

Hydrazine hydrate (245 mg, 4.90 mmol, 99%) 
was added to a mixture of VIII (500 mg, 1.62 mmol) and 
methanol (20 mL) , and the mixture was stirred at 
ambient temperature for 20 h. The gray suspension was 
diluted with 1M NaOH solution (190 mL) and extracted 
with chloroform (5 x 25 mL) . The chloroform extracts 

.^^0$^^^ary ej^ora|:4on:. jibe crude product 
1 26,7 .ma) .was .further purified by Vacuum distillation, 
mttoMng, compound IX (183. mg, 62.3%) as a light yellow 




pil, £p 110 °C at 0.05 mm Hg. 



3350 (br, a) , 3035 (s) , 2940 (s) , 



m 



) , 1185 (m) , 1160 (nj) , W (#) , 10|0 
rans Crf) , ft|5 1% JU&ffiDI r > * II?. 



^(w) , 710 (m, 3 , 5-disubst . Ri^ii^B) • 

l H NMR (CDClj) : 6 8.16 Td, 1H, J = 2.0 HJ) f 
8.13 (d, 1H, J = 2.9 Hz), 7.14 (dd, 1H, J =■ 2.6, 2.0 



35 Hz), 6.41 (d, 1H, J = 15 . 9 Hz), 6.27 and 6.22 (dt, 1H, 
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J = 15.9, 7.1 Hz), 3.84 (s, 3H) , 2.84 <t, 2H, J = 6.6 
Hz), 2.36 (dq, 2H, J - 6.6, 1.0 Hz). 

"C NMR (CDClj) : 155.79, 140.70, 136.24, 
133.72, 130.79, 128.27, 116.91, 55.57, 37.29, 29.70. 

EI -MS: m/z (relative intensity) 178 (M*\ 
0.4%), 149 (88%), 148 (100%), 133 (12%), 105 (9%), 78 
(10%) . 

The monofumarate of IX was prepared by adding 
a warm solution of fumaric acid (131 mg, 1.12 mmol) in 
2-propanol (15 mL) to compound IX (166 mg, 0.93 mmol) . 
After stirring 30 min, the solution was concentrated by 
rotary evaporation to a white powder. The crude 
product was recrystallized from 2-propanol, and the 
mixture was stored at ambient temperature for 15 h. 
The solids were filtered, washed with cold 2-propanol, 
ether, and vacuum dried at 50°C for 6 h, affording the 
monofumarate as a white, crystalline powder (177 mg, 
64.6%), mp 151-153°C. 

IR (KBr) : 3300-2400 (br, s, amine- 
carboxylate) , 1700 (s, C=0) , 1630 (s, C=0) , 1570 (sh) , 
1535 (m) , 1460 (m) , 1435 (m) , 1290 (s, ArO-CH 3 ) , 1158 
(m) , 1040 (m) , 982 (s, trans C=C) , 875 (m, 3,5-disubst. 
pyridine), 793 (m) , 705 (m, 3,5-disubst. pyridine), 652 
(m) . 

*H NMR' (DjO) : 6 8.31 (s, IH) , lly-'MH' ' 

7.85 (s. IH), 6.68 (d, IH, J 

3.21 (t, ■ 2k, J = 7.1 Hz) , 2* tq, ' 2lty i'^^^Bi 
"C NM (§5£0) : 6 172.93, i5'6.77, l^G^ff 



lis .62, "mM^'mm: mm^imm 

38 .54, 

tut: ®m: mp&&wwm. 

6 . 16 ; k, Hfiff. ^' ; WS*, «, 



T6.1 TO, 6V57 '1f ; fl ^2Hf 



Ml 




Sample No. 



4 is Wrnsyr^ 

butyne-1 -amine which was prepared ssentially in 
accordance with the following techniques. 



mm- 
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l.l-Dibromo-2 - {3-pvri dinvl) -ethylene (X) 

Tetrabromome thane (24.82 g, 0.747 mole) and 
triphenylphosphine (39.17 g, 0.149 mole) were stirred 
together in dry methylene chloride (100 mL) for 5 min. 
5 at 0°C under a nitrogen atmosphere. To this mixture 
was added dropwise pyridine 3-carboxaldehyde (4 g, 
0.0373 mole) . The solution was then stirred for 45 
min. at ambient temperature. The reaction mixture was 
extracted with aqueous 6N hydrochloric acid (3 x 25 

10 mL) , the aqueous layer basif ied with solid sodium 

bicarbonate to pH 8-9 and extracted with chloroform (4 
x 25 mL) . The combined organic liquours were dried 
over anhydrous sodium sulfate, filtered and 
concentrated on a rotary evaporator to give a dark 

15 colored syrup. The crude product was chromatographed 
on silica gel (70-230 mesh) with chloroform: methanol 
(95:5) as eluant, to afford a light yellow solid (5.0 
g, 70%) which rapidly turned dark on standing. 

X H NMR(CDC1 3 ) 6 8.65 (s, H) , 8.58 (d, 1H) , 

20 8.00 (d, 1H) , 7.45 (s, 1H) , 7.22-7.36 (m, 1H) . 

Anal, calcd. for C 7 H 4 NBr 2 : C, 31.94; H, 1.90; 
N, 5.32; Br, 60.84. Found: C, 32.11; H, 2.03; N, 
5.50; Br, 60.99. 



25 



4- '0$t 

•fo dry TtfF (10 iaL) cori€^e& v i2i£ a SO tfiL 

was ad$<M X (2 .5 g, 0 . 61 iriole) . #i^SW 
to -78 d C in an acetone- 




for 1 hour 

a#jS<ns® 



in one portion, anc 
35 ambient temperature with stirring. Th resulting 

reaction mixture was quenched with water (10 mL) and 
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extracted with chloroform (3 x 25 mL) , the combined 
organic liquors dried over anhydrous sodium sulfate, 
filtered and concentrated on a rotary evaporator under 
reduced pressure. The resulting oil was 
5 chromatographed on silica gel to afford the product as 
a light brown liquid (590 mg, 40%) . 

l H NMR (CDC1 3 ) 6 8.71 (s, 1H) , 8.49 <d, 1H) , 
7.68 (d, 1H) 7.29-7.36 (m, 1H) , 3.92 (t, 2H) , 2.80(m, 
5H) . 

10 Anal, calcd. for C,HjNO: C, 73.46; H, 6.12; 

N, 9.52. Found: C, 73.61; H, 6.31; N, 9.66. 

MoMianesulfonate eater of 4- ( 3 - Pvridinvl ) -3-butYne-?,-pl 

In dry methylene chloride (2 mL) was 
15 dissolved XI (0.15 g, 1.0 mmole) , and to this solution 
was added triethylamine (0.184 ml, 1.3 mmole). The 
reaction was stirred overnight under nitrogen 
atmosphere. The mixture was cooled to 4°C and methane 
sulfonyl chloride (0.15 g, 1.3 mmole) was added. The 
20 reaction mixture was then poured over ice/water (10 mL) 
and the resulting mixture stirred for 5 min. To this 
mixture was added saturated aqueous sodium bicarbonate 
solution <(5-~m!s! . iChiii'ed^.j&o^4.SC ,- -and.-the .mixture .stirred 
for 30 min., ' ii^ ; -iiS^^^t#^^tiiSii^«©i^ • : <<4 x 10 
25 mL) . The <*r*ed over 

concentrated ih< m^^^0^0Mt . The product was 
fur ther J^tff f fl ^^ eluting with 

30 layout 97%) . 

' 3") . im •(%, 
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tt-Methvl- 4- (3-pvridinvl) -3-butvne-l-amine (XIII) 

An aqueous methyl amine solution (5mL, 40%, 
58.7 iranole) was mixed with XII (200 mg, 0.08 ramole) and 
stirred for 3 hr. in a sealed tube at 45°C- After the 
reaction was complete, water (10 mL) was added to the 
cooled reaction mixture, and the reaction mixture was 
extracted with chloroform (10 x 5 mL) . The combined 
organic extracts were dried over anhydrous sodium 
sulfate, filtered and concentrated. The residue 
obtained was chromatographed on a silica gel column 
using methanol : chloroform (1:9) and then with a 
chloroform: methanol mixture containing 1% 
triethylaraine as eluent. About 70 mg of XIII was 
obtained as a slightly yellow syrup, which was 
distilled at 110-112°C, 0.04 mm Hg. XIII was converted 
to its mono fumarate salt form, which exhibits a 
melting point of 103-104°C. 

Free base. X H NMR (CDC1 3 ) 6 8.61 {s, 1H) , 8.48 
(d, 1H), 7.62 (d, 1H), 7.20 (t, 1H) , 2.82 (t, 2H) , 2*61 
(t, 2H) , 2.33 (s, 3H) , 1.4 (br s, 1H) . 

Fumarate salt. *H NMR (D 2 0) 6 8.51 (s, 1H) , 
8.89 (d, 1H), 7.91 (d, 1H) , 7.40 (m, 1H) , 6.28 (s, 2H) , 
3.20 (t, 2H) , 2.80 (t, 2H) , 2.62 (s, 3H) . 

^m^.A^O) 6 164.5, 151.8, 148.0, 146.0, 
138 p, :l2i^.,.:'iii:.^. ■ 93 . 0 , 82.3, 50.. 4, 36.2, 20.1. 

AtlfC. galcd. for Ci 4 H, € N 2 O a : C, 60.86; H, 5.70; 
^g|T:^ : C ^72; N, 16.23. 

5 is (Z) -metanicotine which was 
|jr in accordance with the following 




conation bottle fcofeiKei: wilh 

j»i^yv *w*%iiet-ti wm it* 

cataxvtic amount: of quinolih " was placed * 

35 (200 mg, 1.25 mmole) . Lindlar's catalyst 

(palladium/calcium carbonat poisoned with lead) (60 



fre base 
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mg) was added and the mixture hydrogenated at 50 psig 
in a Parr reaction apparatus overnight at ambient 
temperature. The catalyst was filtered off, the 
resulting solution basif ied with aqueous sodium 
5 hydroxide (50% w/v) to a pH 8-9, and then extracted 
with chloroform (3 x 25 mL) . The combined organic 
liquors were concentrated on a rotary evaporator, and 
the residue chromatographed on 60-230 mesh silica gel, 
using chloroform : methanol : triethylamine (90:10:1) as 

10 eluent, to afford XIV as a colorless oil at about 100% 
yield. XIV is converted to its mono fumarate salt, 
which has a melting point of 117-118°C. 

Free-base, *H NMR (CDC1 3 ) 6 8. 56 (s, 1H) , 8.42 
(d, 1H) , 7.60 (d, 1H) , 7.22 (m, 1H) , 6.81 <m, 1H) , 6.51 

15 (d, 1H), 2.79 (t, 2H), 2.52 (m, 2H) , 2.41 (s, 3H) . 

Difumarate salt. *H NMR (D 2 0) 6 8.48 (br s, 
2H) , 8.10 (d f 1H) , 7.75-7.63 (m, 1H) , 6.52 (d, 1H) , 
6.40 (s, 1H) , 5.85-5.78 (m, 1H) , 3.00 (t, 2H) , 2.51 (m, 
5H) . 

20 Anal, calcd. for C 10 H 14 N 2 .2C 4 H 4 O 4 : C, 54.82; H, 

5.58; N, 7.10. Found: C, 54.47; H, 5.68; N, 6.98. 



Sample No. 6 is (E) -N-methyl-4- [3- (6- 
methylpyrindin)yl] -3xbutenerl-amine which was prepared 
essentially in accordance with the following 
25 techniques. 



30 



SS.um'Wy^ide (60% in oil) (1.9 g. 0.07^9 
mole) ■^■»8S^^ 

aliquot of w 1 em ^'tm%^Mmm 

solution 

dry TOP (30 ifiL)', M^%ke mi^ 

ambient te^t*^l6!t!«tW , i^ 
methylnicotinate (5.0 g. 0.033 mol ) in dry THF (20 mL) 
was then added dropwise over 10 min. , during which time 
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evolution of hydrogen occurred- The reaction was 
flushed with nitrogen, and the mixture refluxed for 6 
hr. After cooling, aqueous hydrochloric acid (6N, 25 
mL) was added and the THF removed by rotory evaporation 
5 under reduced pressure. A further volume of aqueous 
hydrochloric acid (6N, 20 mL) was added and the mixture 
refluxed overnight. On cooling, the mixture was 
basified with aqueous sodium hydroxide (50% w/v) to pH 
8-9, and XV was extracted with chloroform (5 x 20 mL) . 

10 The combined organic liquours were dried over anhydrous 
sodium sulfate, filtered and the solvent evaporated to 
afford XV, which was crystallized from methanol as a 
tan solid (4.45 g, 84%). 

*H NMR (CDC1 3 ) 6 8.82 (s, 1H) , 8.15 (d, 1H) , 

15 7.20 (d, 1H), 4.12 (t, 2H) , 2.98 (t, 2H) , 2.80 (s, 3H) , 
2.00 (m, 2H) . 

13 C NMR (CDCI3) 6 172.5, 160.08, 148.1, 
135.01, 122.7, 61.5, 34.8, 24.2, 22.2. 

Anal, calcd. for C 10 H l2 N 2 : C, 75.00, H, 7.50; 

20 N, 17.50. Found: C, 74.94; H, 7.51; N, 17.47. 



U/-) -6-M ethvlnoraicotine (XVI) 

Into a round bottom flask was placed XV (3.0 
g, 0.018 mole), methanol. (20 mL) and. glacial acetic 




35 evaporator to afford XVI as a dark brown liquid, which 
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was distilled at 4 mm Hg to yield a clear, colorless 
liquid (b.p. is 113-114°C, 4mm Hg) (2.43 g, 80%). 

*H NMR (CDC1 3 ) 6 8.42 (s, 1H) , 7.60 (d, 1H) , 
7.10 (d, 1H) , 4.15 (t, 1H) , 3.12 (m, 1H) , 3.00 <m, 1H) , 
5 2.30 (s, 3H) , 2. 20-2.. 00 (m, 3H) , 2.00-1.98 (m, 2H) , 
1.78-1.60 (m, 2H) . 

HC10 4 salt *H NMR (D 2 0) b 8.62 (s, 1H) . 8.40 
{d, 1H) . 7.81 (d, 1H), 3.58 (t, 2H) , 2.78 (s, 3H) , 
2.40-2.20 (m, 4H) . 
10 Anal, calcd. for C 10 H 16 N 2 Cl 2 O e : C, 33.05; H, 

4.40; N. 7.71; CI, 19.55. Found: C, 33.16; H, 4.46; 
N, 7.64; CI, 19.43. 



U/-)-6-Methvlnicotine (XVII) 

Into a round bottom flask was placed XVI (2.0 

15 g) , and formaldehyde (37% w/v in water, 20 mL) and 
formic acid (95-97% w/v, 45 mL) , both a 0°C, were 
added. The mixture then was refluxed under nitrogen 
for 8 hr. The cooled reaction mixture was basified 
with aqueous sodium hydroxide (50% w.v) to pH 8-9, and 

20 the solution extracted with chloroform (5 x 25 mL) . 

The combined organic liquors were dried over anhydrous 
sodium sulfate, filtered and evaporated; and the 
resulting, oil Ai^^^4^0^^^^^^im-. to 

7.12 <d, 1H) , 3.15 

K-Bfhvlcarbama ta of (+/«»> *6nmefchvlm&tanicotine (XVIII) 
To a stirred solution of XVII (3.0 g, 0.017 
35 mole) in methylene chloride (25 mL) under nitrogen 




&:AmM^m)- 2.56 (s, 3H), 




ft 
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atmosph re was added dropwis a solution of 
ethylchloroformate (2.40 g) in methylene chloride (10 
inL) at ambient temperature. The mixture was refluxed 
for 4 hr. After evaporation of solvent on a rotary 
5 evaporator under reduced pressure, the resulting oil 
was vacuum distilled to give XVIII as a thick viscous 
liquid (b.p. 172-175°C, 4 mm Hg) , which was further 
purified by silica column chromatography, to yield 
about 3 g of XVIII (70% yield) . 
10 1 H NMR (CDC1 3 ) 6 8.40 (s, 1H) , 7.61 (d, 1H) , 

7.08 (d, 1H), 6.60 (d, 1H), 6.08-6.00 (m, 1H) , 4.18 (q, 
2H), 3.40 (m, 2H), 2.91 (s, 3H) , 2.60-2.42 (m, 5H) , 
1.22 (t, 3H) . 

ft) -w- m ^f hvl-4- T3- (6 -methyl nvrindinlvll -3-butene-l- 

15 flm^ng (XIX) 

Into a round bottom flask was placed XVIII 
(3.0 g, 0.012 mole), and concentrated hydrochloric acid 
(15 mL) was added. The mixture was refluxed overnight, 
and the resulting solution basified with aqueous sodium 

20 hydroxide (50% w/v) to pH 8-9. The solution was 

extracted with chloroform (4 x 25 roL) , the combined 
organic liquors dried over anhydrous sodium carbonate, 
fiiMM^*^^ to ****** an Qil . 

vacuumaaa^ * ^ ear ' 

j$p,.*qm,M a mp,nofumarate 

tU 6 .52-6.24 (m, 4H) , 

tiliJ[2 ? 2C?^G)«: C. 55. 8|; H. 
, ,55.7.2; H, 5.93; N, 6.83. 

(3-pyxidinyl) - 

butane- 1-aratoeT which was prepar d essentially in 
35 accordance with th following techniques. 
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(E) -Metanicotine (0.4 g, 2.46 mmole) was 
dissolved in a mixture of methanol (20 mL) and glacial 
acetic acid (1 mL) and 5% Pd-C catalyst (30 mg) was 
added. The mixture was hydrogenated at 50 psig 
5 hydrogen for 2 hr. The reaction mixture then was 
filtered and the solvent removed on a rotary 
evaporator. To the residue was added water (5 mL) and 
the aqueous solution basified to pH 8-9 with 40% 
aqueous sodium hydroxide. The mixture then was 

10 extracted with chloroform (5 x 10 mL) , and the combined 
organic liquors dried over potassium carbonate, 
filtered and solvent was evaporated under reduced 
pressure on a rotovaporator . The resulting oil then 
was provided in the form of a difumarate salt, melting 

15 point being 115-116°C. 

Free base. l H NMR (CDC1 3 ) 6 8.42 (m, 2H) , 7.50 
(d, 1H) , 7.20 (m, 1H) , 2.64-2.58 (m ( 4H) , 2.40 (s, 3H) , 
2.78-2.60 (m, 2H) , 2.42-2.59 (m, 2H) , 1.22 (broads, 
1H) . 

20 Difumarate salt. *H NMR (D 2 0) 6 8.64 (d, 2H) , 

8.43 (d, 1H), 8.00 (m, 1H) , 6.62 (S, 4H) , 3.24 <t, 2H) , 
2.90 {t, 2H) , 2.70 (s, 3H) f 1.81-1.69 (m, 4H) . 

Anal, calcd. for C 10 H 1€ N 2 . 2C«H«0 4 . 1/2H 2 0: C, 
53.33; H, 6.17; N, 6.91. Found: C, 53.33; H f 6.06; N, 

25 7.07. 




Sample No . 8 is (E) -metanicotine which was 
provided generally using the techniques set forth by 

For comparison purposes, Sample No. c-l was 
a , Th.i? sample is (S) -(-); : n^|Otirie f whip hte 
tn^^pprted to have 4^f^^^^ra&^^f( ^pjafixfe^ve effect 
towar ds the treatment of various Cj?S disorders. 



t 



WO 96/20929 



PCT/US9SU6903 



-43- 



Determination of binding of compounds to relevant 

regeptor sites 

Rats (Sprague-Dawley) were maintained on a 12 
hour light/dark cycle and were allowed free access to 
5 water and food supplied by Wayne Lab Blox, Madison, WI . 
Animals used in the present studies weighed 200 to 250 
g. Brain membrane preparations were obtained from 
brain tissue of either males or females. 

Rats were killed by decapitation following 

10 anesthesia with 70% C0 2 . Brains were removed and placed 
on an ice-cold platform. The cerebellum was removed 
and the remaining tissue was placed in 10 volumes 
(weight : volume) of ice-cold buffer (Krebs- Ringers 
HEPES: NaCl, 118 TTlM; KCl, 4.8 mM; CaCl 2 , 2.5 mM; MgS0 4 , 

15 1.2 mM; HEPES, 20 mM; pH to 7.5 with NaOH) and 

homogenized with a glass -Teflon tissue grinder. The 
resulting homogenate was centrifuged at 18,000 x g for 
20 min. and the resulting pellet was resuspended in 20 
volumes of water. After 60 min. incubation at 4°C, a 

20 new pellet was collected by centrifugation at 18,000 x 
g for 20 min. After resuspension in 10 volumes of 
buffer, a new final pellet was again collected by 
centrifugation at 18,000 x g for 20 min. Prior to each 
centrifugation step, the suspension was incubated -at 

25 37«C for 5 mil. to ptf#0ie h^Mi^srof gh^ge>61is 
acetylcholine. T&e final ipellet vwas overlap 
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centrifugia ST $M f WS x g f $r M «i. : '$*M£ it 




the s tatjrc^^ . 

the binding of L- [ 3 H] nicotin was measured 
using a modif icati n of th m thod of Romano et al . , 
Science . Vol. 210, pp. 647-650 (1980) as d scribed 
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previously by Marks et al., Mol . Pharmacol . , Vol- 30, 
pp. 427-436 (1986). The L- [ 3 H] nicotine used in all 
experiments was purified chromatographically by the 
method of Romm, et al., Life Sci., Vol. 46, pp. 935-943 
(1990). The binding of L- [ 3 H] nicotine was measured 
using a 2 hr. incubation at 4°C. Incubations contained 
about 500 ug of protein and were conducted in 12 mm x 
75 mm polypropylene test tubes in a final incubation 
volume of 250 ul. The incubation buffer was Krebs- 
Ringers HEPES containing 200 mM TRIS buffer, Ph 7.5. 
The binding reaction was terminated by filtration of 
the protein containing bound ligand onto glass fiber 
filters (Micro Filtration Systems) that had been soaked 
in buffer containing 0.5 percent polyethyleneimine. 
Filtration vacuum was -50 to -100 torr. Each filter 
was washed five times with 3 ml of ice-cold buffer. 
The filtration apparatus was cooled to 2°C before use 
and was kept cold through the filtration process. 
Nonspecific binding was determined by inclusion of 10 
uM nonradioactive nicotine in the incubations. 

The inhibition of L- [ 3 H] nicotine binding by 
test compounds was determined by including one of eight 
different concentrations of the test compound in the 
incubation. Inhibition prof ilea ^wease^meaBuased musing 10 
nM L- [3ft] nicotine- and IC 50 v£ioi^I*^ 
concent rat ion of compound that i<i 

*p^H^ 

(ki values) , reported* in ififf, ;! we? 



fgfTfe of 



ICcq values using tKe method tii**i 





obtained from Sprague-MUi] 
to the procedures set forth by Nagy et al, 
Neurochem. . Vol. 43, pp. 1114-1123 (1984) 



Striata 



t 
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frotn 4 rats w re homogeniz d in 2 ml of 0.32M sucros 
buffered with 5 mM HEPES (pH 7.5), using a glass-Teflon 
tissue grinder. The homogenate was diluted to 5 nal 
with additional homogenization solution and centrifuged 
5 at 1,000 x g for 10 rain. This procedure was repeated 
on the new pellet and the resulting supernatant was 
centrifuged at 12,000 x g for 20 min. A 3 layer 
discontinuous Percoll gradient consisting of 16 
percent, 10 percent and 7.5 percent Percoll in HEPES - 
10 buffered sucrose was made with the final pellet 

dispersed in the top layer. After centrifugation at 
15,000 x g for 20 min. , the synaptosomes were recovered 
above the 16 percent layer with a Pasteur pipette, 
diluted with 8 ml of perfusion buffer (128 mM NaCl, 2.4 
15 mM KC1, 3.2 mM CaCl 2# 1.2 tnM KH 2 P0 4 , 1.2 mM MgS0 4 , 25 mM 
HEPES pH 7.4, 10 mM dextrose, 1 mM ascorbate, 0.01 Mm 
pargyline) , and centrifuged at 15,000 x g for 20 min. 
The new pellet was collected and re-suspended in 
perfusion buffer. The synaptosome suspension was 
20 incubated for 10 min. at 37°C. [ 3 H] -Dopamine (Amersham, 
40-60 Ci/mmol) was added to the suspension to give a 
final concentration of 0.1 uM, and the suspension was 
incubated for another 5 min. Using this method, 30 to 
90 ©erc^nt of fcl^dg^^ 




35 After the addition of 0,2 ml of a solution containing 
various concentrations of ligand, the perfusate was 
collect d into scintillation vials at 1 min. intervals 
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and the dopamine released was quantified by 
scintillation counting. Peaks of radioactivity- 
released above background were summed and the average 
basal release during that time was subtracted from the 
5 total. Release was expressed as a percentage of 
release obtained with an equal concentration of 
(S) - (-) -nicotine . 



Determination of Log P 

Log P values (log octanol /water partition 

10 coefficient), which have been used to assess the 
relative abilities of compounds to pass across the 
blood-brain barrier (Hansch, et al . , J . Med . Chem . , 
Vol. 11, p. 1 (1968) ), were calculated according to the 
methods described by Hop finger, Conf orma t ional 

15 Properties of Macromolecules . Academic Press (1973) 

using Cerius 2 software package by Molecular Simulations, 
Inc. for Sample Nos. 1-3, 5-8 and C-l, and Bodor, 
University of Florida (1991) using the BLogP software 
package by CAChe Scientific, Inc. for Sample No. 4. 



20 



,3jL 



Determination of Interaction with Muscle 

Human muscle activation was established on 
the human clonal- line TE671/RD which is derived from an 



^^a^J^^Qfeyosarcoma (Stratton et al., 

*H Vol. 10, pp. 899-905 (19831). As evidenced 
SJarmacological (Lukas, J- Pharmacol. Exp. 
HaV^^rBf . 175-182 (1989)), 

illogical (Oswald et al, Meurosei. Letet.. 
M7-fl2 (1989) ) , and mbllcular biological 
ifjl ^ ^^ ^eurg^i. :^; ||>/ ld82- 
e cells express muscle -like nicotinic 



35 



;6fcinic acetylcholine receptor (nAChR) 
jjyjed using "Rb. ef f l\jx according to a 
metnod d ' scribed by Lukas et al., Anal. Biochem. . Vol. 
175, pp. 212-218 (1988) . Dose-response curves were 
plott d and the concentration resulting in half maximal 



WO 96/20929 



PCT/US9S/16903 



-47- 

activation of sp cific ion flux through nicotinic 
receptors determined for human muscle and rat 
ganglionic preparations (EC50) . The maximal activation 
for individual compounds (Emax) was determined as a 
5 percentage of the maximal activation induced by 
(S) - (-) -nicotine. 



10 



15 



20 



Determination of Interaction with Ganglia 

Ganglionic effects were established on the 
rat pheochromocytoma clonal line PC12, which is a t 
continuous clonal cell line of neural crest origin 
derived from a tumor of the rat adrenal medulla 
expressing ganglionic -type neuronal nicotinic receptors 
(see Whiting et al., Nature , Vol. 327, pp. 515-518 
(1987); Lukas, J - Pharmacol . Exp . Ther . . Vol. 251 # pp. 
175-182 (1989); Whiting et al., Mol . Brai n Res . , Vol. 
10, pp. 61-70 (1990)). Discussion concerning the 
heterogeneity of nicotinic receptors subtypes is set 
forth in Lukas et al . , Internatl. Review Heurobiol.. 
Vol. 34, pp. 25-130 (1992). Acetylcholine nicotinic 
receptors expressed in rat ganglia share a very high 
degree of homology with their human counterparts. See, 
Fornasari et al., Neurosci. Lett. . Vol. Ill, pp. 351- 
3S€ <( 1*990) and Chini et al., »ftfee>c - Mafcl. Acad. Sei . 



■ Mi 



r,, ..'yu**.. 89, pp. 1572-i5#6 . GiLonal e€sil 

f|S§"i|Bcribe<i above were mainlbaihea in proliferative 

Srif et al., 

%1 studied « 




'WtfBn Using the 




'$g'VSg&Zv&:' > for Wm 



35 



i'^ivw. pp. m-m? w^^^nmmf^mmm- 

as the standard. 

Nicotinic acetylcholin receptor (nAChR) 
function was assayed using 86 Rb* efflux according to a 
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method described by Lukas et al., Anal. Biochem. . Vol. 
175, pp. 212-218 (1988) . Cells were plated in 35-mm 
diameter wells of 6 -well dishes for at least 48 hours 
and loaded for at least 4 hours at 37°C in a medium 
5 containing serum, and 1/iCi/ml "Rb\ Following removal 
of the loading medium, cells were quickly washed three 
times with label -free Ringer's solution and exposed for 
4 minutes at 20°C to 900 til of Ringer's containing the 
indicated concentration of compound to be tested (to 

10 define total efflux) or in addition to 100 fM 

mecamylamine (to define non-specific ef flux) . The 
medium was removed and e6 Rb* was quant it at ed using 
Cerenkov detection (see Lukas et al., ftiifll , Plocfrem., 
Vol. 175, pp. 212-218 (19BB) ) . Specific ion efflux was 

15 determined as the difference in isotope efflux between 
total and non-specific efflux samples. Dose-response 
curves were plotted and the concentration resulting in 
half maximal activation of specific ion flux through 
nicotinic receptors determined for human muscle and 

20 rat ganglionic preparations (EC50) . The maximal 
activation for individual compounds (Emax) was 
determined as a percentage of the maximal activation 
induced by (S) -{-) -nicotine. 

Data are presented in Table I. 




1 
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Tabtel 

Sample Ki (nM) logP Dopamine Release Muscle Effeci Ganglion Effect 

No. 

ECSO (nM) Emax (% nicotine) (% nicotine) 

(%nicotme) 





2 


0.71 


115 


100 


100 


100 


1 


269 


-0.30 


4360 


113 


0 


0 


2 


86 


0.04 


5800 


77 


4 


1 


3 


22 


1.13 


4000 


95 


0 


0 


4 


58 


1.82 


8350 


87 


7 


59 


5 


77 


1.39 


11339 


88 


0 


0 


6 


176 


1.92 


219 


60 


2 


4 


7 


910 


1.51 


ND 


72 


0 


31 


8 


16 


1.39 


1470 


80 


15 


0 



• not an example of the invention 
ND = not determined 



15 The data in Table I indicate that the 

compounds have the capability of passing the blood- 
brain barrier by virtue of their favorable logP values, 
binding to high raf f inity GNS nicotic 

20 #§|^^4^/'^||^' : :9^|;^$ic recegtotB 



tm such 
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THAT WHICH IS CLAIMED IS: 



1. A compound having the formula: 
A* 




wherein X is C-H; n is 2; A" is methyl; A, A', Z' and 
Z'' each are hydrogen; and Z'' is hydrogen or methyl. 

10 2. The compound of Claim 1 wherein that 

compound is (E) -N-methyl-4- (3- (6-methylpyrindin)yl) -3- 
butene - 1 - amine 

3. A compound having the formula: 



15 




N 
I 

2" 



20 where X is nitrogen ;br'^caa^ 
about -0 . 3 ' ind^iiaB!^ 'W^Sfff^S 



from 1 to 5; Z' ap ii 
alley 1 conta ^ _ 
25 rejpeseiit hyq 
etHyl; the 



iSSSl^^''#K:i i ch- ranges 
ftf«3i$S«$gr$ht 'h^arcigeh 
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4. The compound of Claim 3 wh rein X is C- 
H; n is 2; A, A', A'' and Z' each are hydrogen; and Z' ' 
is hydrogen or methyl. 



5 . The compound of Claim 3 wherein the 
5 compound is and N-methyl-4- (3-pyridinyl) -3-butyne-l- 
amine . 
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PHARMACEUTICAL COMPOSITIONS FOR PREVENTION 
AND TREATMENT OF CENTRAL NERVOUS SYSTEM DISORDERS 



BACKGROUND OF THE INVENTION 
The present invention relates to compounds 
having pharmaceutical properties, and in particular, to 
compounds useful for preventing and treating central 
5 nervous system (CNS) disorders. The present invention 
relates to a method for treating patients suffering 
from or susceptible to such disorders, and in 
particular, to a method for treating patients suffering 
from those disorders which are associated with 

10 neurotransmitter system dysfunction. The present 

invention also relates to compositions of matter useful 
as pharmaceutical compositions in the prevention and 
treatment of CNS disorders which have been attributed 
to neurotransmitter system dysfunction. 

15 CNS disorders are a type of neurological 

disorder. CNS disorders can be drug induced; can be 
attributed to genetic predisposition, infection or 
trauma; or can be of unknown etiology. CNS disorders 
comprise neuropsychiatric disorders, neurological 

20 diseases and mental illnesses; and include 

neurodegenerative diseases/ behavioral disorders , 
cognitive disprderB • 

manifestations have ?^een} ^aMpkte 
(i.e., disorders ^>J^H^9^^^ 

neurotransmitter re ceo 

int%raq,ti^ r .^s^ _ 

' can 

30 be $,ttri 

dopaminergac-.de^ici'^n<?>y./>« 
and/or a serotonergic deficiency/ "CNS disorders of 
relatively common occurrence include presenile dementia 



25 



[ES^dysfunction 
Wii'dte levels of 
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(early onset Alzheimer's disease), senile dementia 
(dementia of the Alzheimer's type), Parkinsonism 
including Parkinson's disease, Huntington's chorea, 
tardive dyskinesia, hyperkinesia, mania, attention 
5 deficit disorder, anxiety, dyslexia, schizophrenia and 
Tou r e 1 1 e ' s s y ndr ome . 



(SDAT) is a debilitating neurodegenerative disease, 
mainly afflicting the elderly; characterized by a 

10 progressive intellectual and personality decline, as 
well as a loss of memory, perception, reasoning, 
orientation and judgment. One feature of the disease 
is an observed decline in the function of cholinergic 
systems, and specifically, a severe depletion of 

15 cholinergic neurons (i.e., neurons that release 
acetylcholine, which is believed to be a 
neurotransmitter involved in learning and memory 
mechanisms). See, Jones, et al., Intern . J . Neurosci . , 
Vol. 50, p. 147 (1990); Perry, Br. Med. Bull. , Vol. 42, 

20 p. 63 (1986) and Sitaram, et al . , Science . Vol. 201, p. 
274 (1978) . It has been observed that nicotinic 
acetylcholine receptors, which bind nicotine and other 
nicotinic agonists with high affinity, are depleted 
during the progression of SDAT. See, Giacobini, £^ 



25 Neurosci.. iJRks. . Vol. 27, p. 548 (1990); and Baron, 



Biol . . Vol. 31, p. 191 (1987); and Marks, J. Pharmacol. 



Senile dementia of the Alzheimer's type 




a^ihistration to animals. See, Rowell, Adv. Behav. 
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Exp . Ther . . Vol. 226, p. 817 (1983)- It also has been 
proposed that nicotine can act directly to elicit the 
release of acetylcholine in brain tissue, to improve 
cognitive functions, and to enhance attention. See, 

5 Rowell, et al . , J. Neurochem. . Vol. 43, p. 1593 (1984); 
Sherwood, Human Psvchonharm. . Vol. 8, pp. 155-184 
(1993); Hodges, et al . , Bio, of Nic . . Edit, by 
Lippiello, et al . , p. 157 (1991); Sahakian, et al., Br^ 
J. Psvch. , Vol. 154, p. 797 (1989); and U.S. Patent 

10 Nos. 4,965,074 to Leeson and 5,242,935 to Lippiello et 
al. Other methods for treating SDAT have been 
proposed, including U.S. Patent Nos. 5,212,188 to 
Caldwell et al . and 5,227,3 91 to Caldwell et al . and 
European Patent Application No. 588,917. Another 

15 proposed treatment for SDAT is Cognex, which is a 
capsule containing tacrine hydrochloride, available 
from Parke-Davis Division of Warner-Lambert Company, 
which reportedly preserves existing acetylcholine 
levels in patients treated therewith. 

20 Parkinson's disease (PD) is a debilitating 

neurodegenerative disease, presently of unknown 
etiology, characterized by tremors and muscular 
rigidity. A feature of the disease appears to involve 
the degeneration of dopaminergic neurons (i.e., which 

25 secrete dopamine) . One symptom of the disease has been 
observed to be a concomitant loss of nicotinic 

neurons, and which a?e believed to modulate the 
of dqpamine secretion. See, Rinne, et ai., P^^^^^l 

al 



Vpl. 85, pp. 8^7-835 (iff§5) . It alSS^^g 




proved %m M9^m mtfrSfl&i ?11K3L 

PD. See, Smith et al . , B$$jj®l^$fa. . V©1 ; . 3 ( ^lt1|ii|§j§-|rnij 

25-43 • ...... , .,„.. . . . J|jl»llijiilVill 

35 Certain attempts hay_; bjeeA , tnf de. to t|ggjj|gg 

One proposed treatment for PD is Sinemet CR, which is a 

sustained- release tablet containing a mixture of 
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carbidopa and levodopa, available from The DuPont Merck 
Pharmaceutical Co. Another proposed treatment for PD 
is Eldepryl, which is a tablet containing selefiline 
hydrochloride, available from Somerset Pharmaceuticals, 
5 Inc. Another proposed treatment for PD is Parlodel, 
which is a tablet containing bromocriptine mesylate, 
available from Sandoz Pharmaceuticals Corporation. 
Another method for treating PD and a variety of other 
neurodegenerative diseases has been proposed in U.S. 
10 Patent No. 5,210,076 to Berliner et al . 

Tourette's syndrome (TS) is an autosomal 
dominant neuropsychiatric disorder characterized by a 
range of neurological and behavioral symptoms. Typical 
symptoms include (i) the onset of the disorder before 
15 the age of 21 years, (ii) multiple motor and phonic 
tics although not necessarily concurrently, (iii) 
variance in the clinical phenomenology of the tics, and 
(iv) occurrence of quasi daily tics throughout a period 
of time exceeding a year. Motor tics generally include 
20 eye blinking, head jerking, shoulder shrugging and 
facial grimacing; while phonic or vocal tics include 
throat clearing, sniffling, yelping, tongue clicking 
and uttering words out of context. The pathophysiology 
of TS presently is unknown, however it is believed that 
25 neurotransmission dysfunction is implicated with the 

, : ! - : : * V ■"• ... • ■ "1 i WBilMlltli'flllirf W\ f'^ff'-HBIrtiilfr-t ; . 

disorder. See, Cald 

T^^k. of .Medicine. Eds. ^^j|j^|^f.r> ' Chapter 
21,218 (lg|7) . 

Val, 8.67J3, p ? IO4.6 JlgU) 

almlL Vol. 86, pp 



(1991); Newhouse et al . , Brit . 




symptoms 



521-526 (1991); McConville et al . , Biol. Psychiatry. 
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Vol. 31, pp. 832-840 (1992); and Sanberg et al . , 
Proceedings from Intl. Svtud. Nic , S39 (1994) . It also 
has been proposed to treat TS using Haldol, which is 
haloperidol available from McNeil Pharmaceutical; 
5 Catapres, which is clonidine available from Boehringer 
Ingelheim Pharmaceuticals, Inc., Orap, which is 
pimozide available from Gate Pharmaceuticals; Prolixin, 
which is fluphenazine available from Apothecon Division 
of Bristol-Myers Squibb Co.; and Klonopin, which is 
10 clonazepam available from Hof fmann-LaRoche Inc. 



disorder which affects mainly children, although ADD 
can affect adolescents and adults. See r Vinson, Arcfr , 
Fam. Med. , Vol. 3(5), pp. 445-451 U994) ; Hechtman, L 

15 Psvchiatrv Neurosci. , Vol. 19 (3), pp. 193-201 (1994); 
Faraone et al . , Biol. Psvchiatrv , Vol. 35(6), pp.. 398- 
402 (1994) and Malone et al., J. Child Neurol . , Vol. 
9(2), pp. 181-189 (1994). Subjects suffering from the 
disorder typically have difficulty concentrating, 

20 listening, learning and completing tasks; and are 
restless, fidgety, impulsive and easily distracted. 
Attention deficit disorder with hyperactivity (ADHD) 
includes the symptoms of ADD as well as a high level of 
activity (e.g., restlessness and movement) . Attempts 

25 to trecit ADD have invplvedVadmini of Dexedrine, 



Attention deficit disorder (ADD) is a 




35 See, cognitive 
resources . Neuropsvchbiblblbdrv l Eds . Mendlewicz, et al., 
pp. 43-46 (1993) . 
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Schizophrenia is characterized by psychotic 



symptoms including delusions, catatonic behavior and 
prominent hallucinations, and ultimately results in a 
profound decline in the psychosocial affect of the 
5 subject suffering therefrom. Traditionally, 

schizophrenia has been treated with Klonopin, which is 
available as a tablet containing clonezepam, available 
from Hoffmann -LaRoche Inc.; Thorazine, which is 
available as a tablet containing chlorpromazine, 

10 available from SmithKline Beecham Pharmaceuticals; and 
Clozaril, which is a tablet containing clozapine, 
available from Sandoz Pharmaceuticals. Such 
neuroleptics are believed to be effective as a result 
of interaction thereof with the dopaminergic pathways 

15 of the-CNS. In addition, a dopaminergic dysfunction 
possessed by individuals suffering from schizophrenia 
has been proposed. See, Lieberman et al . , Schizophr . 
Bull. . Vol. 19, pp. 371-429 (1993) and Glassman, Amer . 
J. Psychiatry , Vol. 150, pp. 546-553 (1993). Nicotine 

20 has been proposed as being effective in effecting 
neurotransmitter dysfunction associated with 
schizophrenia. See, Merriam et al . , Psychiatr. Annals . 
Vol. 23, pp. 171-178 (1993) and Adler et al., Biol . 
Psychiatry . Vol. 32, pp. 607-616 (1992). 



316 '(l55l)Sd Vizi, Br. J. Pharmacol.. Vol. 47, pp. 
765-777 (1973) . Release of norepinephrine by neurons 
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upon administration of nicotine has been reported by 
Hall et al., Biochem. Pharmacol., Vol. 21, pp. 1829- 
1838 (1972) . Release of serotonin by neurons upon 
administration of nicotine has been reported by Hery et 
5 al., Arch . Int . Pharmacodvn . Ther ■ , Vol. 296, pp. 91-97 
(1977) . Release of glutamate by neurons upon 
administration of nicotine has been reported by Toth et 
al., Neurochem Res . , Vol. 17, pp. 265-271 (1992). 
Therefore, it would be desirable to provide a 

10 pharmaceutical composition containing an active 
ingredient having nicotinic pharmacology, which 
pharmaceutical composition is capable of eliciting 
neurotransmitter release within a subject in order to 
prevent or treat a neurological disorder. In addition, 

15 nicotine reportedly potentiates the pharmacological 
behavior of certain pharmaceutical compositions used 
for the treatment of certain CNS disorders. See, 
Sanberg et al., Pharmacol. Biochem . & Behavior, Vol. 
46, pp. 303-307 (1993); Harsing et al . , J . Neujpoeftstn . , 

20 Vol. 59, pp. 48-54 (1993) and Hughes, Proceedings from 
Intl. Svmo. Nic. , S40 (1994) . Furthermore, various 
other beneficial pharmacological effects of nicotine 
have been proposed. See, Decina et al . , Biol. 
Psychiatry , Vol. 28, pp. 502-508 (1990); Wagner et al . , 
^^^g^vchiatry. Vol. 21, pp. 301-303 (1988) ; 



202, J 1994) sind Hamon, Trends IP PfrM||Qlt .RfrPi 



Vol. 



It would be desirable to provide a useful 




d^for the prevention and treatment of a CMS 

r by administering a nicotinic cotroound to a 
St p>ifS€5ptible to or suffering f *om such a 
^Jfjfg.,'. It would be h^Wy b^f^|al to provide 
dd^iduals suffering from c rtain CSS disordf re with 
int rruption of th symptoms of those diseases by the 
administration of a pharmaceutical composition which 
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has nicotinic pharmacology and which has a beneficial 
effect upon the functioning of the CNS, but which does 
not provide any significant associated side effects 
(e.g., increased heart rate and blood pressure) 
5 attendant with interaction of that compound with 

cardiovascular sites. It would be highly desirable to 
provide a pharmaceutical composition incorporating a 
compound which interacts with nicotinic receptors which 
have the potential to affect the functioning of the 
10 CNS, but which does not significantly affect those 
receptors which have the potential to induce 
undesirable side effects (e.g., appreciable pressor 
cardiovascular effects and appreciable activity at 
skeletal muscle sites) . 



15 SUMMARY OF THE INVENTION 

The present invention relates to aryl 
substituted aliphatic amine compounds, aryl substituted 
olefinic amine compounds and aryl substituted 
acetylenic amine compounds. The present invention 
20 relates to a method for providing prevention or 

treatment of a central nervous system (CNS) disorder. 
The method involves administering to a subject an 
effective amount of a compound of the present 
invention. The present invention, in ai^fi&r aspebt, 
relates to a b^^aceuticai ^ c^6^^^^^^^ 
ef i e^i^.jpoimt of^a . conjopcl ot 



invention. Such a pharmaceutical cbjS^|[jS?j[|Bft 

30 



25 



subject^ and hence 'ISisT EHe ca^BlTfl 
therapeutic in the prevention ™* 
disorder. 



Th pharmaceutical compositions 
pre?, lit invention are ue^fui £or tKe^D3^ 
35 treatment of CNS disorders. The pharroacetitTcal 

compositions provide therapeutic benefit to individuals 
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suffering from certain CNS disorders and exhibiting 
clinical manifestations of such disorders in that the 
compounds within those compositions have the potential 
to (i) exhibit nicotinic pharmacology and affect 
nicotinic receptors sites in the CNS (e.g., act as a 
pharmacological agonist to activate nicotinic 
receptors), and (ii) elicit neurotransmitter secretion, 
and hence prevent and suppress the symptoms associated 
with those diseases. In addition, the compounds are 
expected to have the potential to (i) increase the 
number of nicotinic cholinergic receptors of the brain 
of the patient, (ii) exhibit neuroprotective effects 
and (iii) not provide appreciable adverse side effects 
(e.g., significant increases in blood pressure and 
heart rate, and significant effects upon skeletal 
muscle) . The pharmaceutical compositions of the 
present invention are believed to be safe and effective 
with regards to prevention and treatment of CNS 
disorders . 



20 DETAILED DESCRIPTION OF THE PR EFERRED EMBODIMENTS 

The present invention, in one aspect, relates 
to certain compounds having the formula: 



25 



N 

A" N A * 



3P mmhm,M^ss^ 




tha.n.0, .of£e^g^e^ 
n s> and, fiv:en h g reater f tl 
g n rally le&f tihffx -0^1,** 
35 accordance with Hansch et al., CI 



^pgater than 



R6V , , Vol. 91, pp. 
165-195 (1991); n is an integer which can range from 1 



4 



WO 96/20600 



-10- 



PCIYUS95/17034 



10 



15 



20 



25 



to 5, preferably from 1 to 3 , and most preferably is 2 
or 3; Z' and Z' ' individually represent hydrogen or 
lower alkyl (e.g., alkyl containing one to five carbon 
atoms, such as methyl, ethyl or isopropyl) , and 
preferably at least one of Z' and Z' ' is hydrogen; A, 
A' and A' ' individually represent hydrogen, alkyl 
(e.g., lower straight chain or branched alkyl, 
including C 1 - C 7 , but preferably methyl or ethyl) or 
halo (e.g., F, CI, Br or I); the dashed line in the 
structure represents a C-C single bond, a C-C double 
bond or a C-C triple bond; the wavy line in the 
structure represents a cis (Z) or trans (E) form of the 
compound when the dashed line is a C-C double bond; and 
X' represents CH 2 when the dashed line is a C-C single 
bond, CH when the dashed line is a C-C double bond, and 
C when the dashed line is a C-C triple bond. X 
includes N, C-H, C-F, C-Cl, C-Br, C-I, C-NR'R' ' , C-CF 3 , 
C-OH, C-CN, C-SH, C-SCH 3 , C-N,, C-S0 2 CH 3 , C-OR' , C-C(=0)N 
R'R' ' , C-NR'C(=0)R' , C-C(=0)OR', C-0C(=0)R', C- 
OC(=0)NR'R' ' and C-NR' C (=0) OR' where R' and R' ' are 
individually hydrogen or lower alkyl (e.g., alkyl 
containing one to five carbon atoms, preferably methyl 
or ethyl) . When X represents a carbon atom bonded to a 
substituent species, that substituent species often has 
a sigma m value which is between about -0.3 and about 
O.fsrf^ about: -0.25 and about 0.6. 

In ^e^^^^^^^^^^^^^^jl^h X represents a carbon 

)stituent species, the dashed line 
i compound has the trSns (E) 

is characterized as 
equal to 0. Particularly 



atom Bonded 




-C double fcorid, the compounSt 
A' , A' ' and Z' all are 
is methyl, the substitueht 
as having a sigma m value not 
equal to 0. IfT iuSIition, it is highly preferred that A 
is hydrogen, it is preferred that A' is hydrogen, and 
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normally A' ' is hydrogen. Generally, both A and A' are 
hydrogen; sometimes A and A' are hydrogen, and A' ' is 
methyl or ethyl; and often A, A' and A' ' are all 
hydrogen. One representative compound is N-methyl-4- 
5 (3-pyridinyl) -butane- 1- amine for which for which the 
dashed line is a C-C single bond, X' is CH 2 , X is C-H, 
n is 2, and A, A', A'' and Z' each are hydrogen, and 
2' ' is methyl. Another representative compound is N- 
methyl-4- (3-pyridinyl) -3 -butyne-1 -amine for which the 

10 dashed line is a C-C triple bond, X' is C, X is C-H, n 
is 2, and A, A', A'' and Z' each are hydrogen, and Z' ' 
is methyl. Other representative compounds are (Z)- 
metanicotine and (E) -metanicotine, for which the dashed 
line is a C-C double bond, X' is CH, n is 2, and A, A' , 

15 A'' and Z' each are hydrogen, and Z' ' is methyl. Of 
particular interest are compounds having the formula: 



A' 



20 




25 



where n, X, A, A', A'', Z' and Z' ' are as defined 
hereinbefore, and those compounds can have the cis (Z) 
or trans .(E) form. For such compounds, of interest, X 



N8ff ^rfff i BSf f^kl v is nitrogen or carbon bonded to a 



valu 




jtisr . than 0, often greater than 0.1, generally 
^nd eyen greater than 0.3; l?|?s th§n 0 



sst 



, --^fiSSPtatiye 



t - ( 5 -pyrimidinyl ) - 3 -fautehe - 1- amine for 
i is 2, and A, A' , A # ' , £' and Z" each 
Another representative comoound is (E).- 

and A, A' , A", Z' and Z' ' each are 
hydrogen. Another representative compound is (E) -N- 
methyl-4- ( 5 -pyrimidinyl ) -3-butene-l-amine for which X 
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is N, n is 2, A, A' , A' ' , and Z' are each hydrogen, and 
Z' ' is methyl. Another representative compound is (E)- 
N-methyl-4- [3- (5-methoxypyridin) yl] -3-butene-l-amine 
for which X is C-OCH 3 , n is 2, and A, A' , A' ' , and Z' 
are each hydrogen, and Z' ' is methyl. Another 
representative compound is (E)-4-[3-(5- 
ethoxypyridin)yl] -3-butene-l-amine for which X is C- 
OCH 2 CH 3 , n is 2, and A, A' , A'', Z' and Z' ' each are 
hydrogen. Another representative compound is (E) -N- 
methyl-4- [3- (5-ethoxypyridin) yl] -3-butene-l-amine for 
which X is C-OCH 2 CH,, n is 2, A, A', A'' and Z' each are 
hydrogen, and Z' ' is methyl. Another representative 
compound is (E)-4- [3- (5-aminopyridin)yl] -3-butene-l- 
amine for which X is C-NH., n is 2, and A, A', A' ' , Z' 
and Z' ' each are hydrogen. Another representative 
compound is (E) -N-methyl-4- [3- ( 5-aminopyridin) yl] -3- 
butene-1 -amine for which X is C-NH 2 , n is 2, A, A', A'' 
and Z' each are hydrogen, and Z' ' is methyl. Another 
representative compound is(E)-4-[3-<5- 
bromopyridin) yl] -3-butene-l-amine for which X is C-Br, 
n is 2, and A f A', A' ' , Z' and Z'' each are hydrogen. 
Another representative compound is (E) -N-methyl-4- [3- 

(5-bromopyridin)yl] -3-butene-l-amine for which X is C- 
Br, n is 2, A, A' , A'' and Z' each are hydrogen, and 
Z' ' is methyl . Another representative compound is (E) - 
4- [3- (5-methoxy-6-methyipyridin)yl] -3-butene-l-amine 
!g£.^J^ n A;' is jjfthyl, and A, 

Z' and Z' ' each are hydrogen. Another representative 

CO^p^UTld is (p)-N-^^l-4-X3- (5-^t^-6- 



methylpyridin)yl] -3-butene-l-amine which X is C 
OCH 3 , n is 2, A" and Z" eacjft are methyl, and A, A 

■if. (E) -N-met^-4- [3. 



for which X is C-H, n is 2, A" and Z 




methyl, and A r A' auid Z' each are hy^pgrgrj 
representative compound is (E)-4-[3-(6- 
methylpyridin)yl] -3-butene-l-amine for which X 



each are 
toother 



is C-H, 



t 
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n is 2, A'' is methyl, and A, A', Z' and Z' ' each are 
hydrogen. Another representative compound is (E) -N- 
methyl-5- [3-pyridinyl] -4-pentene-l-amine for which X is 
C-H, n is 3, Z" is methyl, and A, A', A'' and Z' are 
5 each hydrogen. Another representative compound is (E) - 
N- (2-propyl) «4- [3-pyridinyl] -3-butene-l-amine for which 
X is C-H, n is 2, Z' ' is isopropyl, and A, A', A" and 
Z' are each hydrogen. 



10 aliphatic amine compounds of the present invention are 
synthetically produced can vary. Preparation of 
various aryl substituted aliphatic amine compounds can 
be carried out using the types of techniques disclosed 
by Rondahl, Acta Pharm. Suec. . Vol. 13, pp. 229-234 

15 (1976) . Certain metanicotine-type compounds that 

possess a saturated side chain rather than an olefinic 
side chain can be prepared by hydrogenation of the 
corresponding metanicotine-type compounds or the 
corresponding acetylenic precursors. For example, 

20 dihydrometanicotine can be prepared by hydrogenation of 
(E) -metanicotine as described by Kamimura et al. f Agy . 
Biol. Chem. , Vol. 27, No. 10, pp. 684-688 (1963). 



The manner in which aryl substituted 



The manner in which aryl substituted 




35 m thanesiafqnat ester, anjd (iy) ^W^^BmSmSS^ 

with methyl amin , affording N-methyl-4- (3'2$y7£SXByl) - 
3 -butyne - 1 -amine . 



< 
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The manner in which aryl substituted olefinic 
amine compounds of the present invention are 
synthetically produced can vary. (E) -metanicotine can 
be prepared using the techniques set forth by Loffler 
5 et al., Chem. Ber. , Vol. 42, pp. 3431-3438 (1909) and 
Laforge, J.A. C.S. . Vol. 50, p. 2477 (1928) . Certain 
novel 6 -substituted metanicotine -type compounds can be 
prepared from the corresponding 6 -substituted nicotine- 
type compounds using the general methods of Acheson et 

10 al., J. Chem. Soc, Perkin Trans, 1 , Vol. 2, pp. 579- 
585 (1980) . The requisite precursors for such 
compounds, 6-substituted nicotine-type compounds, can 
be synthesized from 6-substituted nicotinic acid esters 
using the general methods disclosed by Rondahl, Acta 

15 Pharm. Suec . , Vol. 14, pp. 113-118 (1977). Preparation 
of certain 5-substituted metanicotine-type compounds 
can be accomplished from the corresponding 5- 
substituted nicotine-type compounds using the general 
method taught by Acheson et al., J. Chem. Soc. . Perkin 

20 Trans . 1 . Vol. 2, pp. 579-585 (1980). The 5-halo 
nicotine-type compounds (e.g., fluoro and bromo 
nicotine-type compounds) and the 5-amino nicotine-type 
compounds can be prepared using the general procedures 
disclosed by Rondahl, Act. Pharm. Suec . Vol. 14, pp. 

25 113-118 (1977) . TKe "S*— ^^^"ifc^^^^^&^^^^^^^Sr*" "-<^ifc r fefii , t*irxi"e _ - i - ■tr^rpie 
compounds can be prefr^ and 
materials set forth in ^1^^%^^!^^^- Ph^tixi. 
Buil . . Vol. 38(9), pp. iS^2*w f SSol ; Md v Rondahl , 

3 0 F\ji^tlt«^mo ine - type 

'cat^ and a 

terminal plefl^ ff^^ ^ ^^^^^^^p^^ ^^ ^^ 

35 a pr Imkrv^ ami^!^lM o| >|^ ^ provide a 

s condary or tertiary amine. In particular, certain 
metanicotine-type compounds can be prepared by 
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subjecting a 3-halo substituted, 5-substituted pyridine 
compound or a 5 -halo substituted pyriraidine compound to 
a palladium catalyzed coupling reaction using an olefin 
possessing a protected amine functionality (e.g., such 
an olefin provided by the reaction of a phthalimide 
salt with 3-halo-l-propene, 4-halo-l-butene, 5-halo-l- 
pentene or 6-halo-l-hexene) . See, Frank et al . , 
nr-g. Chem. . Vol. 43(15), pp. 2947-2949 (1978) and Mai ek 
et al., .T. nra. Chem. . Vol. 47, pp. 5395-5397 (1982). 
Alternatively, certain metanicotine-type compounds can 
be prepared by coupling an N-protected, modified amino 
acid residue, such as 4- (N-methyl-N-tgrt- 
butyloxycarbonyl) aminobutyric acid methyl ester, with 
an aryl lithium compound, as can be derived from a 
suitable aryl halide and butyl lithium. The resulting 
N-protected aryl ketone is then chemically reduced to 
the corresponding alcohol, converted to the alkyl 
halide, and subsequently dehydrohalogenated to 
introduce the olefin functionality. Removal of the N- 
protecting group affords the desired metanicotine-type 
compound. There are a number of different methods for 
providing (Z) -metanicotine-type compounds. In one 
method, (Z) -metanicotine-type compounds can be 
synthesized from nicotine-type compounds as a mixture 

cpmEp^^ la^^^^^l^^^d' by chi^t<^fipiiy using 
~v ^^^^^^^^^j^^^^pl^c joint 




(Z) 

■po ll ed hydfbgenati bh of the 
To^le^^r'N-IefnVl^-O- 



For example, certain 5- 
e compounds and ceirtain 

,.. rr vj.. ■ ■- ■ .»»•*».£* >■ 

£MAne-type compounds cah be 
U3 -pyridinecarboxaldehydes 

and 6 - substl^uTIl^^ • 
respectively . 
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A representative compound, (E) -N-methyl-4- [3- 
(5-bromopyridin)yl] -3-butene-l-amine, can be 
synthesized using the following representative 
procedure. 5-Bromonicotine (0.018 mole) in 10 ml of 
5 methylene chloride dried over phosphorous pentaoxide 
has a solution of ethyl chloroformate (0.018 mole) in 
10 Ml of similarly dried methylene chloride added 
dropwise over 10 to 15 minutes. The resulting mixture 
then is refluxed under nitrogen atmosphere for about 3 

10 hours. Then, the methylene chloride is removed using a 
rotary evaporator, and the remaining material is 
distilled under reduced pressure to yield a N- 
ethylcarbamate derivative of 5-bromometanicotine 
product as a thick liquid which has a boiling point of 

15 182 °C at 0.04 mm Hg. This product (0.08 mole) is then 
refluxed for several hours in 15 ml of concentrated 
aqueous hydrochloric acid. The resulting reaction 
mixture was cooled and basified to pH 8-9 using 
concentrated aqueous sodium hydroxide while the mixture 

20 is maintained at a temperature .of about 0°C. The 

resulting product is extracted four times with 20 ml 
quantities of chloroform, and the combined collected 
fractions are dried over anhydrous sodium sulfate. 
Then, the chloroform is removed using a rotary 

25 e ^apor^t^qr , and the remaining material is distilled 



under^^duc ed pressure to yield the (E) -N-methyl-4- [3- 
idin);yi] -3-butene-l-amine product as a 

aid. which has a boiling point of 115°C at 
That product can be converted to a 

which has a melting point of 148-I50 d c. 
representative compound, (E) -N-niethyl-5- [3- 
^^gn^;! -amine, can # be^th t |x ? ed using 
i& representative procedure. £ solution of 



>asine (0.011 mole) in 100 mL methylene 
ie^s added dropwise into a slight molar exc ss 
of ethyl chloroformate in 100 mL methylene chloride 
under nitrogen atmosphere in a flask equipped with a 
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condenser. Then, the mixture is refluxed for about 3 
hours. Then, the methylene chloride is removed using a 
rotary evaporator, and the remaining material is 
distilled using a short -path distillation apparatus to 
5 yield N-ethylcarbamate of trans -homometanicotine 

product as a colorless liquid which has a boiling point 
of 170-172°C at 1 mm Hg. This product (0.012 mole) is 
dissolved in 50 mL concentrated aqueous hydrochloric 
acid, and the resulting mixture is refluxed overnight. 

10 The reaction mixture then is cooled. The resulting 
product is extracted four times with 20 mL quantities 
of chloroform, and the combined collected fractions are 
dried over anhydrous sodium sulfate. Then, the 
chloroform is removed using a rotary evaporator, and 

15 the remaining material is distilled under reduced 

pressure to yield the (E) -N-methyl-5- [3-pyridinyl] -4- 
pentene-l- amine product as a colorless liquid which has 
a boiling point of 81-82°C at 4 mm Hg. That product 
can be converted to a fumarate salt, which has a 

20 melting point of 139-140°C. 

A representative compound, (E) -N- (2 -propyl ) - 
4- [3-pyridynyl] -3-butene-l-amine, can be synthesized 
using the following representative procedure. (E) -4- 
[3 -pyridynyl] -3-butene-l-amine (0.5 millimole) is 

25 prepared according to the procedure of Heck, J . Org. 
Chem . , Vol. 43, pp. 2947 (1978), combined with 2- 

(1 millimole), and refluxed in 30 mL tetrahydrofuran 
' Then, the tetrahydrofuran is removed 

3JX 



f,. .-tyK^msfc*^. . -, 3,5 



for 36 hours. . 

usina a rotary evaporator and 5 .mL ethyl ether is added 
to the- remaining residue, FUtrat ion followed by 

.concentration on.a^||apt^|^a teown oxl , mmmiMim 
which qan be purified ,.J^., : ^^«a. PlJ^RSWfe^^^^W^^* 
fey r distillation t«^,.r^d^^^s^ <^i40*C at 
0 .25 mm Hg ) to yield, the ($) -N- ( 2 -propyl > -4 - [3 - mfl^ifM' . 

pyridynyl] -3-butene-l-amine product. 



WO 96/20600 



PCI7US95/17034 



10 



-18- 

A representative compound, (E) -N-methyl-4 - [3 - 
(5-aminopyridin)yl] -3-butene-l-amine, can be 
synthesized using the following representative 
procedure. 5- Amino nicotine (1 millimole) is prepared 
according to the procedure of Rondahl , Acta, Pharm. 
Suec . , Vol. 14, pp. 113 (1977), combined with phthalic 
anhydride (1 millimole) , and refluxed in 3 mL toluene 
for 16 hours using a Dean-Stark trap. The reaction 
mixture is cooled to ambient temperature and the 
toluene is removed using a rotary evaporator. To the 
remaining residue is added 2 mL methylene chloride, 
followed by dropwise addition of ethyl chlorof ormate 
(1.1 millimole) under nitrogen atmosphere. The 
resulting mixture is refluxed for 8 hours, cooled to 
ambient temperature, and concentrated on a rotary 
evaporator. The resulting viscous oil is heated to 
160 °C under vacuum for one hour, and then cooled to 
ambient temperature. Then, 10 mL of a 10 percent 
aqueous solution of sodium bicarbonate is added to the 
reaction mixture. That mixture then is extracted three 
times with 15 mL portions of chloroform. The combined 
portions then are dried over anhydrous potassium 
carbonate. Filtration followed by evaporation of 
chloroform yields a pale brown oil. This oil is 
25 dissolved in 1 mL tetrahydrbf uran f di^lM^ a 



15 



20 



30 



35 



solution 2 parts taethyl amine in 3 pe 



mixture is stirred for 10 hours. 

and excess methyl amine are removed usinf f H roSITy' 
evaporator. Concentrated aqueous H^fS^lwre^aeare 
mfu aMi to the' region 'Utii>MNI>M 

to ambient temperature, is extyaetec 
10 mL portions of ethyl acetate. TKgtf, 
solution is basified using potassium c35 
sodium hy^rpicid . the basic solution t^^^l 
four times with 10 mL portions of n-butyPalc 
combined extracts are dried over anhydrous magnesium 
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sulfate. Filtration, followed by concentration on a 
rotary evaporator yields the (E) -N-methyl-4- [3- (5- 
aminopyridin)yl] -3 -butene-l-amine product as a dark 
brown oil . The product can be purified by column 
chromatography using a chloroform: methanol ; tri- 
ethylamine (60:20:20) solvent system as an eluent. 

The present invention relates to a method for 
providing prevention of a CNS disorder to a subject 
susceptible to such a disorder, and for providing 
treatment to a subject suffering from a CNS disorder. 
In particular, the method comprises administering to a 
patient an amount of a compound effective for providing 
some degree of prevention of the progression of the CNS 
disorder (i.e., provide protective effects), 
amelioration of the symptoms of the CNS disorder, and 
amelioration of the reoccurrence of the CNS disorder. 
The method involves administering an effective amount 
of a compound selected from the general formulae which 
are set forth hereinbefore. The present invention 
relates to a pharmaceutical composition incorporating a 
compound selected from the general formulae which are 
set forth hereinbefore. The compounds normally are not 
optically active. However, certain compounds can 
possess substituent groups of a qharacter so that those 
coniRouiuls possess optical activity 1 6p|icaiyy active 
compounds can be employed as r^cemic mixtures or as 

.^nt^ mm ^ , , The r^BWBR»^ a - £r ^ 

base form or in a salt fpirm (e, 
Le salts, such as 



iharmkpeutically 
;lorate , 




35 Alzheimer' s, type!, -^^BWk 
diseas , Huntington's chorea, 
hyperkinesia, mania, attention deficit disorder, 
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anxiety, dyslexia, schizophrenia and Tourette's 
syndrome . 

The pharmaceutical composition also can 
include various other components as additives or 
adjuncts. Exemplary pharmaceutical^ acceptable 
components or adjuncts which are employed in relevant 
circumstances include antioxidants, free radical 
scavenging agents, peptides, growth factors, 
antibiotics, bacteriostatic agents, immunosuppressives, 
buffering agents, anti- inflammatory agents, anti- 
pyretics, time release binders, anaesthetics, steroids 
and corticosteroids. Such components can provide 
additional therapeutic benefit, act to affect the 
therapeutic action of the pharmaceutical composition, 
or act towards preventing any potential side effects 
which may be posed as a result of administration of the 
pharmaceutical composition. In certain circumstances, 
a compound of the present invention can be employed as 
part of a pharmaceutical composition with other 
compounds intended to prevent or treat a particular CNS 
disorder . 

The manner in which the compounds are 
administered can vary. The compounds can be 
administered by inhalation (e.g., in the form of an 
aerosol either nasally or using delivery articles of 
' tifie type ' : ^^9SK^K^"^^fit ^6. 4/9212,901 to 

1 ■•'JSgKgm&m... in lotion form, .- 
orally (e.a., in liquid f orm within a solvent such as 



an aqueous ^ * or within a solid 

within a dextrose or 
usion or injection (e.g., 



35 




as 



in a l^rmaceut i cal ly 

licpiids) ; or 

^ ■ * 

transdermal patch) . 
Jptriinister the compounds in 
the form of a bW'active chemical, it is preferred to 
present each compound in the form of a pharmaceutical 
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composition or formulation for efficient and effective 
administration. Exemplary methods for administering 
such compounds will be apparent to the skilled artisan. 
For example, the compounds can be administered in the 
5 form of a tablet, a hard gelatin capsule or as a time 
release capsule. As another example, the compounds can 
be delivered transdermally using the types of patch 
technologies available from Ciba-Geigy Corporation and 
Alza Corporation. The administration of the 

10 pharmaceutical compositions of the present invention 
can be intermittent, or at a gradual, continuous, 
constant or controlled rate to a warm-blooded animal, 
such as a human being. In addition, the time of day 
and the number of times per day that the pharmaceutical 

15 formulation is administered can vary. Administration 
preferably is such that the active ingredients of the 
pharmaceutical formulation interact with receptor sites 
within the body of the subject that effect the 
functioning of the CNS. 

20 The dose of the compound is that amount 

effective to prevent occurrence of the symptoms of the 
disorder or to treat some symptoms of the disorder from 
which the patient suffers. By 

"effective amount", "therapeutic amount" or "effective 
25 4fl fi|g-j'- hut i m unm n t^t a mount sufficient to elicit the 
Ije^Sa^Lp^ or therapeutic effects, thus 

z& pre vention or treatment of the 
ia, an effective amount of compound is an 
Lcient to pass across the blood-brain 

' ct, to bind to relevant receiptor 
the* subject, and to elicit 
el^fets (e.g., elicit 
jgeer etion, thus resulting in effective 
nent of the disorder) . Prevention 
35 . ^f ^l yj ^ by delaying the onset of 

the ' s^^oms of the disorder. Treatment of the 
disorder is manifested by a decrease in the symptoms 
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associated with the disorder or an amelioration of the 
reoccurrence of the symptoms of the disorder. 

The effective dose can vary, depending upon 
factors such as the condition of the patient, the 
5 severity of the symptoms of the disorder, and the 
manner in which the pharmaceutical composition is 
administered. For human patients, the effective dose 
of typical compounds generally requires administering 
the compound in an amount of at least about 1, often at 

10 least about 10, and frequently at least about 25 mg / 
24 hr. / patient. For human patients, the effective 
dose of typical compounds requires administering the 
compound which generally does not exceed about 500, 
often does not exceed about 400, and frequently does 

15 not exceed about 300 mg / 24 hr. / patient. In 

addition, administration of the effective dose is such 
that the concentration of the compound within the 
plasma of the patient normally does not exceed 500 
ng/ml, and frequently does not exceed 100 ng/ml . 

20 The compounds useful according to the method 

of the present invention have the ability to pass 
across the blood-brain barrier of the patient . As 
such, such compounds have the ability to enter the 
central nervous system of the patient. The log P 

25 values of typical compounds useful in carrying out the 
present invention generally are grater than -0.5, 
often are greater than about 0, arfd fr&juently are 
greater than about 0.5. The log P values of such 
typical compounds generally are less tiffin about 3.0, 



QfEeti are less than about 2.5, arid f irequeritily are less 




Tty of a compound to pfsB acre 
Barr ier, such as a biological mewome. 



ii, p. i 



(1968) . 



if al., .T. Me3.' Chem. . Vol 

The compounds useful according to the me 
of the present invention have the ability to bind to, 
and in most circumstances, cause activation of, 
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nicotinic cholinergic receptors of the brain of the 
patient. As such, such compounds have the ability to 
express nicotinic pharmacology, and in particular, to 
act as nicotinic agonists- The receptor binding 
constants of typical compounds useful in carrying out 
the present invention generally exceed about 1 nM, 
often exceed about 200 nM, and frequently exceed about 
500 nM, The receptor binding constants of such typical 
compounds generally are less than about 10 uM, often 
are less than about 7 uM, and frequently are less than 
about 2 uM. Receptor binding constants provide a 
measure of the ability of the compound to bind to half 
of the relevant receptor sites of certain brain cells 
of the patient. See, Cheng, et al . , Biochem. 
Pharmacol . , Vol. 22, pp. 3099-3108 (1973). 

The compounds useful according to the method 
of the present invention have the ability to 
demonstrate a nicotinic function by effectively 
eliciting neurotransmitter secretion from nerve ending 
preparations (i.e., synaptosomes) . As such, such 
compounds have the ability to cause relevant neurons to 
release or secrete acetylcholine, dopamine, and other 
neurotransmitters. Generally, typical compounds useful 
in carrying out the present invention provide for the 
25 secretion qf ^Qpamine in amounts of at least about "2^5 
percent, often at least about 50 percent, and ^ 



by an equal -molar of S(-) nicotine. Certain ; 



15 



20 



La of tjhe. present invention pan provide 



nicotine. 




The compounds of the present invention , when 

. _ .r- _ 4n =i<«»nn%»/5nttr«<a with rnP^ 



35 



elicit activation of nicotinic receptors of human 
muscle to any significant degree. In that regard, the 
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compounds of the present invention demonstrate poor 
ability to cause isotopic rubidium ion flux through 
nicotinic receptors in cell preparations derived from 
muscle preparations. Thus, such compounds exhibit 
5 receptor activation constants or EC50 values (i.e., 
which provide a measure of the concentration of 
compound needed to activate half of the relevant 
receptor sites of the skeletal muscle of a patient) 
which are relatively high. Generally, typical 

10 compounds useful in carrying the present invention 
activate isotopic rubidium ion flux by less than 15 
percent, often by less than 10 percent, and frequently 
by less than 5 percent, of that elicited by an equal 
molar amount of (S) -(-) -nicotine . 

15 The compounds of the present invention, when 

employed in effective amounts in accordance with the 
method of the present invention, are selective to 
certain relevant nicotinic receptors, but do not cause 
significant activation of receptors associated with 

20 undesirable side effects. By this is meant that a 
particular dose of compound resulting in prevention 
and/or treatment of a CNS disorder, is essentially 
ineffective in eliciting activation of certain 
ganglionic -type nicotinic receptors. This selectivity 

25 of the compounds of the present invention ag ain st those 
receptprs responsible for cardibva^^^^s^^^eff^fcB 



is. 4m^^m^M^ Im*M the ^jiwiEIB^ro. 

compounds to activate nicotinic function of adrena l 

" -&W.ffl9W*'- v : frits ti$*Y -v.- : i* 
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As such, such cor 



chromaffin tissue 




^mim. ^ flux by 1 ff . than is J|j| 
1 se than 10. p^fsent,. ary|**! 
p rcent, of that elicited by an equal mSIaf amount of 
(S) - (-) -nicotine. 
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Compounds of the present invention, when 
employed in effective amounts in accordance with the 
method of the present invention, are effective towards 
providing some degree of prevention of the progression 
5 of CNS disorders, amelioration of the symptoms of CNS 
disorders, and amelioration to some degree of the 
reoccurrence of CNS disorders. However, such effective 
amounts of those compounds are not sufficient to elicit 
any appreciable side effects, as demonstrated by 
10 increased effects relating to the cardiovascular 
system, and effects to skeletal muscle. As such, 
administration of compounds of the present invention 
provides a therapeutic window in which treatment of 
certain CNS disorders is provided, and side effects are 
15 avoided. That is, an effective dose of a compound of 
the present invention is sufficient to provide the 
desired effects upon the CNS, but is insufficient 
(i.e., is not at a high enough level) to provide 
undesirable side effects. Preferably, effective 
20 administration of a compound of the present invention 
resulting in treatment of CNS disorders occurs upon 
administration of less than 1/5, and often less than 
1/10, that amount sufficient to cause any side effects 
to a significant degree. 
25 The following exaft^ in order to 

further illustrate * the invention 



30 



but. should ^npt . be c?^£j§3BOffi^ scope 



percentages are by wei' *" 




butene-1 -amine m onof UnialSSB '^Zt^0jmmxx^Pl'll 
monof unsrat ), which w&s f P^H^fi^gSggg^ i&11 y in 
accord^rice with .JtijjP.^fg 
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N-3-Butene-l-phthalimide (I) : 

This compound was prepared essentially in 
accordance with the techniques described in Heck, et 
al., J. Org. Chem. , Vol. 43, pp. 2947-2949 (1978). 



10 



15 



5 (E) -N- [4- (5-Pvrimidinvl) -3 -butene-1-1 phthalimide (II) : 
Under a nitrogen atmosphere, a mixture of I 
(28.20 g, 140 mmol) , 5-bromopyrimidine (21,63 g, 136 
mmol), palladium(II) acetate (306 mg, 1.4 mmol), tri-^- 
tolylphosphine (828 mg, 2.7 mmol), and triethylamine 
(27.54 g, 272 mmol) was stirred and heated at ~ 110°C 
for 27 h. The precipitated brown solids were slurried 
in water, filtered, and dissolved in hot N,N- 
dimethylf ormamide (DMF) (75 mL) . Charcoal (Darco* G-60, 
1 g) was added and the mixture filtered through Celite^ 
(1.8 g) , washing the filter cake with hot DMF (10 mL) . 
The filtrate was diluted with an equal volume of water 
and cooled at 5°C for 15 h. The solids were filtered, 
washed with water (2 x 25 mL) and dried, producing a 
beige, crystalline powder (28.55 g, 75.1%). Further 
purification, involving two recrystallizations from 
DMF-water (1:1), followed by two recrystallizations 
from toluene afforded compound II as a light beige, 
crystalline powder (18.94 g, 49.8%), mp 177-178. 5°C. 

IR (KBr) : 3445 (w) , 3014 (w) , 2951 (w) , 1768 
(m, C=Qi. 17£3 V (s^ C=0) , 1650 (w, C=C) . 1558 (m) , 1433 
(Blijlo^^Ilfe^ ;. 1330 (m), 1057 M, 964 (m, 

721 (8, 1.2-disubst . benzene), 717 
£33 (w, 5 -pyriinidinyl ) cm* 1 . 

6 9.01 (s, 1H) , 8.60 (6, 2H) , 
2H) , 6.35 (m, 2H) , 3.85 (tri, 2H) , 

1,) : 6 168.26, 157.21, 154.09, 
01737 , 130.69, 125.60, 123.33, 37.11, 



20 
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EI-MS: m/z (relative intensity) 279 (M* 
5%), 160 (100%). 131 (43%), 119 (45%), 104 (17%), 77 
(31%) , 65 (13%) , 51 (11%) - 

Calcd. for C, G H 13 N 3 0 2 (M* ") : m/z 
279 . 1008 . 

Anal. Calcd. for C 16 H 13 N 3 0 2 : C, 68.81; H, 4.69; 
N, 15.05. Found: C, 68.68; H, 4.82; N, 14.94. 



HRMS: 
279.0992. Found 



(E) -4- (5-Pvrimidinvl) -3-but ene-l-amine (III) : 

Hydrazine hydrate (2.69 g, 53.7 mmol, 99%) 

10 was added to a mixture of II (6.00 g, 21.5 mmol) and 
methanol (100 mL) , and the mixture was stirred at 
ambient temperature for 27 h. The white suspension was 
diluted with 1M NaOH solution (400 mL) and extracted 
with chloroform (5 x 100 mL) . The chloroform extracts 

15 were combined, dried (Na 2 S0<) , filtered, and 

concentrated by rotary evaporation. The residue was 
vacuum dried 5 h at 55°C to give (E) -4- (5-pyrimidinyl) - 
3-butene-l-amine (III) as a light yellow oil (2.95 g, 
92.2%), which was used without further purification. 

20 IR (film): 3345 (br, N-H) , 1655 (m, C=C) , 

1560 (s), 1490 (s), 1440 (s) , 1415 (s) , 1390 (m) , 1317 
(s) , 1190 (m) , 968 (m, trans C=C) , 721 (s, 5- 
pyrimidinyl ) , 636 (m, 5-pyrimidinyl) cm 1 . 

*H NMR (CDC1,) : .6 9.13 (s, 1H) , 8.68 (s, 2H) , 




3 C p (Cpql 3 ) : 6 157.04, 153.96. 133.16, 

^^^^ 37 - 44 . . . ' An IM .. n - 

120 (100%). 93 (31%) , 66 (40%), 51 

. • T ; . .... ? , . : r , ..• -. : . . 

? ^, #9 nofumarate of III wa|^^ared by 
irm solution of fumaric acid (156 mg, 1.34 
^MB,t;hanol (5 mL) to a warm solvit ion. of III (i&O 
35 mg, 0.67 mmol) in ethanol (3 mL). The mixture was 
concentrated by rotary evaporation, and the slightly 
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yellow solids were recrystallized from ethanol-ether 
(1:1) . The solids were filtered, washed with ethanol, 
ether, and vacuum dried at 50°C for 24 h, affording the 
monofumarate as a white, crystalline powder (63.8 mg, 
5 35.9%) , mp 160-161. 5°C. 

IR (KBr) : 3300-2300 (br, s, amine- 
carboxylate) . 1705 (s, C=0) , 1664 (s) , 1606 (s, C=C) , 
1556 (s) , 1409 (s, fumarate) , 1254 (m) , 1186 (m) , 981 
(m, trans C=C) , 852 (m) , 796 (m) , 723 (w, 5- 
10 pyrimidinyl) , 648 (m, fumarate) , 631 (m, 5-pyrimidinyl) 
cm' 1 . 

1 H NMR (D,0) : 6 9.00 <s, 1H) , 8.84 (s, 2H) , 
6.69 (s, 2H) , 6.63 (d, 1H, J = 16.4 Hz), 6.52 and 6.46, 
(dt, 1H, J = 16.1, 6.8 Hz), 3.20 (m, 2H) , 2.72 (m, 2H) . 
15 13 C NMR (DjO) : 6 171.45, 154.10, 134.63, 

131.04, 130.23, 126.05, 38.40, 30.33. 

Anal. Calcd. for C^N, • C,H 4 0, : C, 54.33; H, 
5.70; N, 15.84. Found: C, 54.24; H, 5.75; N, 15.65. 

Sample No. 2 is (E) -N-methyl-4- (5- 
20 pyrimidinyl) -3 -butene-1- amine (compound VI) , which was 
prepared essentially in accordance with the following 
techniques . 



t&tPf v,'l - 



(E) -N-tert-Butvloxvcarbonvl-4- ( 5-p vrimidinvl) -3-butene- 

25 A solution of di- tert -butvl dicarbonate ( 2 * 6fe 

12^2.4^ «:|d^^ 
dropwise over 5 min to a stirring solution of (E) -4-i5- 
.Ryrimjdinyl)-3-^e^-l-ami|i^ (III) (1.10 9. 11.4 jfflBKn 

The .Yg ii off: g gAi^lrSSJSs 

30 stirred at 0 o c1or~15 min and at anient tempera tu^ 
for 22 h.. <?p^|^^ 

followed w, mm m$m**& 2 ^%mki^ ^ ^f^Wk 

y, Jlpw oil , ... cdl , ,wj|S, chrog^[^^d^on .fil^ffSj 

(165 g), luting first with. ethyl #^J^v,-fcP.- ^fa^r \ 
35 impurities. Elution with chloroform-methanol (2:1) 
afforded the product which was re-chromatographed 
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eluting with ethyl acetate. Selected fractions were 
combined in chloroform and concentrated by rotary 
evaporation. The residue was vacuum dried at 35°C for 
48 h to give compound IV as a light yellow oil (2.56 g, 
5 90.1%), which crystallized upon cooling, affording a 
light yellow, crystalline solid, mp 54-55. 5° C. 

IR (KBr) : 3030 (w) , 2990 (w) , 2980 (w) , 2965 
(w) , 2935 (w) , 3298 (s, amide N-H) , 1712 (s, carbamate 
00), 1657 (w, C=C) , 1560 (s) , 1535 (s, amide N-H), 
10 1433 (s) , 1414 (s) , 1367 (s, tert -butyl ) , 1275 (s, 

amide N-H) , 1246 (s, ester C-0) , 1174 (s, ester C-O) , 
1149 (s) , 1111 (m) , 9B7 (m) , 966 (m trans C=C) , 723 (w, 
5-pyrimidinyl) , 636 (m, 5-pyrimidinyl) cm" 1 . 

X H NMR (CDC1,) : 6 9.05 (s, 1H) , 8.70 (s, 2H) , 
15 6.37 (m, 2H) , 4.59 (br s, 1H) , 3.30 (m, 2H) . 2.43 (m, 
2H) , 1.46 (s, 9H) . 

13 C NMR (CDC1,) : 6 157.34, 156.83, 155.84, 
154.18, 153.79, 132.24, 130.75, 125.15, 79.42, 39.64, 
34.05, 28.56, 28.20. 
20 EI -MS: m/z (relative intensity) 24 9 (M*\ 

0.1%). 193 (15%), 176 (24%), 132 (16%), 120 (79%), 119 
(85%) , 93 (19%) , 65 (24%) , 57 (100%) . 

Anal. Calcd. for C 13 H 19 N 3 0 2 = C, 62.62; H, 7.68; 
N, 16.86. Found: C, 62.61; H, 7.62; N, 16.78. 



25 



30 



35 




g, 18.3 mmpl) in l, 
added. The mixtur was, £ 
for 3 days, cooled, and \ 
dropwise. The mixture was diluted with water (200 mL) 
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' VV'i" 

30 



35 



The 



and extracted with chloroform (7x50 mL) . All 
chloroform extracts were combined, dried (Na 2 S0 4 ) , 
filtered, and concentrated by rotary evaporation, 
residue was dried under high vacuum at ambient 
temperature to give a red-brown oil . The oil was 
chromatographed on silica gel (50 g) , eluting with 
ethyl acetate. Selected fractions were combined, 
concentrated by rotary evaporation, and dried under 
high vacuum at ambient temperature to give compound V 
as a light yellow oil (0.40 g, 76.1%). 

IR (film) : 3650-3200 (br, w) , 2980 (m) , 2940 
(m) , 1697 (s, carbamate C-O) , 1556 (s) , 1484 (s) , 1452 
(s) , 1420 (s, N-CH,) , 1411 (s, tert -butyl ) , 1394 (s, 
t ert- butyl ) , 1369 (s) , 1304 (m) , 1249 (m, ester C-O) , 
1218 (m) , 1163 (s, ester C-O), 1136 (s) , 972 (m, trans 
C=C) , 883 (m) , 774 (m) , 721 (m, 5-pyrimidinyl) , 631 (m, 
5-pyrimidinyl) cm* 1 . 

l H NMR (CDC1,) : 6 9.01 (s, 1H) , 8.63 (s, 2H) , 
6.31 (m, 2H) , 3.32 (m, 2H) , 2.82 (s, 3H) , 2.44 (m, 2H) , 
1.39 (s, 9H) . 

"C NMR (CDC1 3 ) : 6 157.06, 155.70, 153.95, 
132.49, 130.94, 124.73, 79.51, 34.38, 28.45. 

EI -MS: m/z (relative intensity) 263 (M*\ 
207 (5%), 190 (7%), 144 (24%), 133 (9%) 

93 a**) , as WMr, ««r-(i^ /-f^-ffcb-o*) 



0.3%) 
(39%) 
(8f%) 



120 
44 



263.1634 



HRMjS : 
Found 



m/z 




lodoti 

dropwxse , at 
solution of V 

The r d-brown 

(20 mL) was add d. 
concentrated by rotary evaporation. 



fiSrta (20 mL) . 
IrM methanol 
Ifeirred 1 h and 
The residue was 
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basified with 1M NaOH solution (25 mL) and extracted 
with chloroform (7 x 25 mL) . The chloroform extracts 
were combined, dried (Na 2 S0 4 ) and concentrated by rotary 
evaporation, affording a brown oil. The oil was 
5 chromatographed on silica gel (35 g) , eluting with 

methanol -ammonium hydroxide (10:1). Selected fractions 
were combined, vacuum dried at 45°C for 3 h, affording 
(E) -N-methyl-N~4- (5-pyrimidinyl) -3-butene-l-amine (VI) 
as a brownish-yellow oil (0.12 g, 59.6%). 
10 IR (film): 3148 (br, s, N-H) , 1653 (s, C=C) , 

1560 (s), 1473 (m) , 1435 (s) , 1414 (s, N-CH 3 ) , 970 (m, 
trans C=C) , 721 (s, 5-pyrimidinyl), 636 (s, 5- 
pyrimidinyl) cm" 1 . 

L H NMR (CDC1J : 6 9.02 (s, 1H) , 8.68 (s, 2H) , 
15 6.37 (m, 2H) , 2.76 (t, 2H, J = 6.8 Hz), 2.46 (m, 5H, 
including a N-CH 3 singlet), 1.65 (br s r 1H) . 

13 C NMR (CDC1J : 5 157.09, 154.01, 132.99, 
130.90, 124.81, 50.76, 36.06, 33.35. 

EI-MS: m/z (relative intensity) 146 (0.3%), 
20 132 (0.4%), 120 (22%), 93 (4%), 65 (4%), 44 (100%). 

HRMS : Calcd. for C 7 H R N 2 (NT'- 44) : m/z 
120.0676. Found: 120.0687. 

Sample No. 3 is (E)-4-[3-(5- 
methoxypyridin)yl] -3-butene-l-amine monofumarate 
25 ^^B^^^^^S^^M^^IM^' which was prepared 



35 3-butene-l-phthalimide (I) (5.51 g, 27.4 mmol) , 3- 





Und r a nitrogen atmosph re, a mixture of N- 



iT v?5s^ prepared essentially in 
cnsigue s described in Cdmins et 
KMH feV 6$ -73 (1990) . 



n) vll - 3 -butene - 1 -phth&limide 
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bromo-5-methoxypyridine (VII) (5.00 g, 26.6 mmol), 
palladium (II) acetate (59.7 mg, 0.27 tnmol), tri-o- 
tolylphosphine (162 mg, 0.53 mmol) , and triethylamine 
(5.38 g, 53.2 mmol) was stirred and heated at - 100°C 
5 for 21 h. The precipitated brown solids were slurried 
in water, filtered, and dissolved in hot DMF (30 mL) . 
The mixture was filtered through Celite' (1 g) , washing 
the filter cake with hot DMF (10 mL) . The filtrate was 
diluted with an equal volume of water and cooled at 5°C 

10 for 15 h. The solids were filtered, washed with water 
(2 x 10 mL) , cold ethanol (10 mL) , and dried, producing 
a beige, crystalline powder (7.79 g, 95.0%). Further 
purification, involving two recrystallizations from 
DMF-water (1:1) afforded compound VIII as a light 

15 beige, crystalline powder (5.36 g, 65.4%), mp 148- 

151 °C. An analytical sample was recrystallized from 
toluene, affording a light beige, crystalline powder, 
mp 148-151. 5°C. 

IR (KBr) : 3440 (w) , 3040 (m) , 2960 (s) , 2940 

20 (s), 2825 (w) , 1766 (m, C=0) , 1700 (s, C=0) , 1654 (m, 
C=C) , 1580 (m, pyridinyl), 1455 (s) , 1420 (s) , 1320 
(m) , 1190 (m) , 1000 (s) , 973 (s, trans C=C) , 867 (s, 
3,5-disubst. pyridine), 723 (s, 1,2-disubst. benzene), 
703 (s, 3,5-disubst. pyridine) cm 1 . 

is ' ' l n*mk (cbci 3 ) : 6 a. 14 (s, in) , 8,-os" <s, 

(m, 2H), 7.10 (dd, 1H, J = 2.4, 
M i i \ l^^^m\\ f ^ { > dt 1H ' J * H ? > ' 6 -25 and 6.20 (dt, 

' ^^^^'^^K??^ • * ' 6 8 Hz), 3.84 ( t / Ik, iribludihg an 0-CH 3 

^^^^^^^^ '* 7± m) 9 2 * 62 m ' * * i i} ki> • 

' (CDC1J : 6 l6B.27, 1§5.73, 140.72, 

?96, 132.05, 129.00, T23.26, 116.80, 55.52, 




I -SIS: 



m/z (relative iritens 



308 (M**, 




13%) ' 160 (lOOi) , 148 (8%), 133 (10%) , 105 (8%) , 77 



Anal. Calcd. for C lB H 16 N 2 0 3 : C, 70.12; H, 5.23; 
Found: C, 70.34; H. 5.29; N, 9.00. 



N, 9.09 



t 
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t E ^ -4- f3- (S-methnxvDvrid3 .n>vn -3 -butane- 1 -amine (IX) : 

Hydrazine hydrate (245 mg, 4.90 mmol. 99%) 
was added to a mixture of VIII (500 mg, 1.62 mmol) and 
methanol (20 mL) , and the mixture was stirred at 
ambient temperature for 20 h. The gray suspension was 
diluted with 1M NaOH solution (190 mL) and extracted 
with chloroform (5 x 25 mL) . The chloroform extracts 
were combined, dried (Na 2 S0«) , filtered, and 
concentrated by rotary evaporation. The crude product 
(287 mg) was further purified by vacuum distillation, 
affording compound IX (183 mg, 62.3%) as a light yellow 
oil, bp 110°C at 0.05 mm Hg. 

IR (film): 3350 (br, s) , 3035 (s) , 2940 (s) , 
2840 (m), 1585 (s) , 1460 (s) , 1425 . (s), 1320 (s) , 1295 
(s, ArQ-CH 3 ) , 1185 (m) , 1160 (m) , 1050 (m) , 1020 (sh) , 
965 (s, trans OC) , 885 (m, 3,5-disubst. pyridine) , 820 
(w) , 710 (m, 3,5-disubst. pyridine). 

*H NMR (CDC1,) : 6 8.16 (d, 1H, J = 2.0 Hz), 
8.13 (d, 1H, J = 2.9 Hz), 7.14 (dd, 1H, J = 2.6, 2.0 
Hz), 6.41 (d, 1H, J = 15.9 Hz), 6.27 and 6.22 (dt, 1H, 
J = 15.9, 7.1 Hz), 3.84 (s, 3H) , 2.84 (t, 2H, J = 6.6 
Hz), 2.36 (dq, 2H, J = 6.6, 1.0 Hz). 

13 C NMR (CDC1,) : 155.79, 140.70, 136.24, 
133.72, 130.79, 128.27, 116.91, 55.57, 37.29, 29.70. 

EI-MS: m/.z (relative intensity) 178 (W, 
149 (88%), 148 (100%), 133 (12%) , 105 (9%), 78 ' 



0.4%) , 
(10$) . 



The monoi umarate of IX was prepared by adding 




a warm solution of" fumlric acid (131 mf , 1.12 mtnol) iff 

epanoi (15 mL) to cojroQujad IX (166 mg, 0.93 wmoi) 
Afvter stirring 30 min, thjsojut ion was concentrated 

«W*M* was r^p^^l^^^^^^^^ 
mixture was stor d at ambient temperature for 15 n. ^ 

The. -solids were, ii,ii:0&.|* ^IPPf I % 
ether, and vacuum dried at 50°C for 6 h, affording the 




t 



WO 96/20600 



PCI7US95/17034 



-34- 

monofumarate as a white, crystalline powder (177 mg, 
64.6%) , mp 151-153°C. 

IR (KBr) : 3300-2400 (br, s, amine- 
carboxylate) , 1700 (s, C=0) , 1630 (s, C=0) , 1570 (sh) , 
5 1535 (m) , 1460 (m) , 1435 (m) , 1290 (s, ArO-CH 3 ) , 115B 
(m) , 1040 (m) , 982 (s, trans C=C) , 875 (m, 3,5-disubst. 
pyridine), 793 (tn) , 705 (m, 3,5-disubst. pyridine), 652 
(m) . 

l H NMR (D,0) : 6 8.31 (s, 1H) , 8.25 (s, 1H) , 
10 7.85 (s, 1H) , 6.68 (d, 1H, J = 16.1 Hz), 6.57 (s, 2H) , 
6.53 and 6.48 (dt, 1H, J = 15.9, 7.1 Hz), 3.98 (s, 3H) , 
3.21 (t, 2H, J - 7.1 Hz), 2.68 (q, 2H, J = 7.1 Hz). 

13 C NMR (D,0) : 6 172.93, 156.77, 136.17, 
135.62. 134.90, 131.81, 130.25, 128.04, 122.44, 56.31, 
15 38.54, .30.14. 

Anal. Calcd. for C 10 H 14 N,O- C,H,0, : C, 57.14; H, 
6.16; N, 9.52. Found: C, 56.91; H, 6.18; N, 9.51. 

Sample No. 4 is N-Methyl-4- (3-pyridinyl) -3- 
butyne-1 -amine which was prepared essentially in 
20 accordance with the following techniques. 



25 



30 



35 



1. l-Dibromo-2- (3-Pvridinvl) -ethy lene (X) : 

Tetrabromomethane (24.82 g, 0.747 mole) and 
triphenylphosphine (3 9.17 g, 0.14 9 mole) were stirred 
together in dry methylene chloride (lot) mL) for 5 min. 
at 0°C under a nitrogen atmosphere. To thi% mxxture 
was aMed d^ 3 * Ml^^rf^^; ■ 

0.0373 moJLe) . The solution was then stilped^or 45 
min. at anibieht temperature. Th£ irelf 
extracted with aqueous 6N hydrockloric^ac 
mL) , the c?tg^ous layer basified w - 
bicarbonate to pH 8-9 and extract 
x 25 mL) . The confined , org^ic liju^ 
anhydrous sodium sulfate, filtered and corB 

a x$m$i J^9r**W " ■^v^fe.^^ill^ MM _ 
crude product was chromatographed on silIca"§SF -530 

mesh) with chloroform: methanol (95:5) as eluant, to 
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afford a light yellow solid (5.0 g, 70%) which rapidly 
turned dark on standing. 

l H NMR<CDC1 ? ) 5 8.65 (s, H) , 8.58 (d, 1H) , 
8.00 (d, 1H) , 7.45 (s, 1H) , 7.22-7.36 (m, 1H) . 

Anal, calcd. for C 7 H 4 NBr 2 : C, 31.94; H, 1.90; 
N, 5.32; Br, 60.84. Found: C, 32.11; H, 2.03; N, 
5.50; Br, 60.99. 
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4- (3-Pvridinvl) -3 -butvne-l-ol (XI) : 

To dry THF (10 mL) contained in a 50 mL 
round-bottomed flask fixed with a nitrogen gas balloon 
was added X (2.5 g, 0.01 mole). The flask was cooled 
to -78°C in an acetone-dry ice bath, and n-butyl 
lithium in THF (22 mL of a 2.5 molar solution in THF) 
was added dropwise via a syringe during constant 
stirring. After addition, the solution was stirred for 
1 hour. The reaction mixture temperature was then 
adjusted to -60°C and ethylene oxide (1 mL) was added 
in one portion, and the reaction was allowed to warm to 
ambient temperature with stirring. The resulting 
reaction mixture was quenched with water (10 mL) and 
extracted with chloroform (3 x 25 mL) , the combined 
organic liquors dried over anhydrous sodium sulfate, 
filtered and concentrated on a rotary evaporator under 



^Sdiict as 



(dV 1H) , 



reduced pressure. The resulting oil &as 
chromatographed on silica gel to at for* 



X H NMR (CDC1 3 ) 6 8.71 




7.68 (d, 1H) 7.29-7.36 



5H) . 



Mai. calc 
N, 9.52. FoSnd: 

■■kA ^^^^^^^^^^ 
" *" ■ ■ * - eatey of 4- (3- 




? 2/tf0(m, 



6.12; 




In dry methylen cKloridW (2 mL) was 
35 dissolved XI (0.15 g, 1.0 mmole) , and to this solution 
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was added triethylamine (0.184 ml, 1.3 mmole) . The 
reaction was stirred overnight under nitrogen 
atmosphere. The mixture was cooled to 4°C and methane 
sulfonyl chloride (0.15 g, 1.3 mmole) was added. The 
reaction mixture was then poured over ice/water (10 mL) 
and the resulting mixture stirred for 5 min. To this 
mixture was added saturated aqueous sodium bicarbonate 
solution (5 mL) chilled to 4°C, and the mixture stirred 
for 3 0 min. , then extracted with chloroform (4 x 10 
mL) . The combined organic fractions were dried over 
anhydrous sodium sulfate, filtered and the volume 
concentrated on a rotary evaporator. The product was 
further purified using gel chromatography, eluting with 
a chloroform: methanol mixture containing 1% 
triethylamine. Yield of XII is 0.218 g (about 97%) . 

L K NMR (CDC1 3 ) 6 8.59 <s, 1H) , 7.62 (d f 1H) , 
7.18-7.22 (m, 1H) , 4.31 (t, 2H) , 3.00 <s, 3H) , 2.80 <t, 
2H) . 



N-Methvl-4- (3-pvridinv l) -3-butvne-l-amine (XIII) : 
20 An aqueous methylamine solution (5mL, 40%, 

58.7 mmole) was mixed with XII (200 mg, 0.08 mmole) and 
stirred for 3 hr. in a sealed tube at 45°C. After the 
reaction was complete, water (10 mL) was added to the 
cooled reaction mixture,, and the reaction mixture was 



extracted wit 



BMes^g^ Tro x 5 mL) . The combined 
^we fee ^H^ei( r %ver anhydrous sodium 

fil teraM^ 

cnromatQorrapnea oh a silica gel column 

then with a 
pirtg 1% triethylamine 

obtained as a 
efi^tiiieti at 110 - 
waB'"c6nverted to its mono 

melting point of 

103-104°C. 
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Free base. l H NMR (CDCl,) 6 8.61 (s, 1H) , 8.48 
(d, 1H) , 7.62 (d, 1H) , 7.20 (t, 1H) , 2.82 (t, 2H) , 2.61 
(t, 2H) , 2.33 (S, 3H) , 1.4 (brs, 1H) . 

Fumarate salt. "'H NMR (D 2 0) 6 8.51 (s, 1H) , 
8.89 (d, 1H) , 7.91 (d, 1H) , 7.40 (m, 1H) , 6.28 (s, 2H) , 
3.20 (t, 2H) , 2.80 (t, 2H) , 2.62 (s, 3H) . 

i3 C NMR (D,0) 6 164.5, 151.8, 148.0, 146.0, 
138.8, 128.2, 124.5, 93.0, 82.3, 50.4, 36.2, 20.1. 

Anal, calcd. for C, 4 H 1£ N 2 0 4 : C, 60.86; H, 5.70; 
N, 10.14. Found: C, 60.84; H, 5.72; N, 10.23. 

Sample No. 5 is (Z) -metanicotine which was 
prepared essentially in accordance with the following 
techniques . 



1 7. ) -Metanicotine (XIV): 
15 Into a hydrogenation bottle together with 

methanol (20 mL) , glacial acetic acid (1 mL) and a 
catalytic amount of quinoline was placed XIII free base 
(200 mg, 1.25 mmole) . Lindlar's catalyst 
(palladium/calcium carbonate poisoned with lead) (60 
20 nig) was added and the mixture hydrogenated at 50 psig 
in a Parr reaction apparatus overnight at ambient 
temperature. The catalyst was filtered off, the 
resulting solution basified with aqueous sodium 
h^^^fcllSry/vy to a pH 8-9, and then extracted 
25 SSSS^^ Inn ' ?3 ' x 25 mL) . the comtin#d orfanic 

^h*'.; it rated Qn & rot -. ary evaporator, and 

itographed on 60-230 mesh silica gel, 
goTmTmf SSnoi : trietnyflmM <*6:i0:r) al 
a colorless oil at about lboir 
converted to its mono 




|SlM;of ii-7-ifS^e: 

' ~HjmR (CDCl,) 6 YM Is." it) , 8 .42 
7.22 (m, 1H) , 6.81 (m, IK) , 6.51 
2.52 (m, 2H) , 2.41 (S, 3H) . 
Difumarate salt. : H NMR (D 2 0) 6 8.48 (br s, 
2H) , 8.10 (d, 1H) , 7.75-7.63 (m, 1H) , 6.52 (d, 1H) , 



t 
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6.40 {S, 1H) , 5.85-5.78 (m, 1H) , 3.00 (t, 2H) , 2.51 (m, 
5H) . 

Anal, calcd. for C 10 H X4 N 2 . 2C 4 H 4 0 4 : C, 54.82; H, 
5.58? N, 7.10. Found: C, 54.47; H, 5.68; N, 6.98. 
5 Sample No. 6 is (E) -N-methyl-4- [3- (6- 

methylpyrindin) yl] -3-butene-l-amine which was prepared 
essentially in accordance with the following 
techniques . 



10 
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25 

■ 0 'i ■'S , -4'*f*>^'^'^'-v > 




6-Methvlmvosmin e (XV) : 

Sodium hydride (60% in oil) (1.9 g, 0.079 
mole) was placed in a 250 mL two-necked round bottom 
flask and washed with dry THF (50 mL) . A further 
aliquot of dry THF (100 mL) was added followed by a 
solution of N-vinylpyrrolidone (4.7 g, 0.04 mole) in 
dry THF (30 mL) , and the mixture stirred for 30 min. at 
ambient temperature, A solution of ethyl 6- 
methylnicotinate (5.0 g, 0.033 mole) in dry THF (20 mL) 
was then added dropwise over 10 min., during which time 
evolution of hydrogen occurred. The reaction was 
flushed with nitrogen, and the mixture refluxed for 6 
hr. After cooling, aqueous hydrochloric acid (6N, 25 
mL) was added and the THF removed by rotory evaporation 
under reduced pressure. A further volume of aqueous 
hydrochloric acid (6N, 20 mL) was added and the mixture 
refiiuced 'overnight. On cooling, tfte mixture was 
basified^ith aqueous sodium hydroxide (5Q% w/v) to pH 
8-9, and XV was extracted with chloroform (5 x 20 mL) . 
The combined organic liquors were dried over anhydrous 

afford XV, which was crystal lif^T^n^tKsmol' as a 

l H NMR (CDC1 3 ) 6 8.82 (s, lf£> , 8,15 (d, 1H) , 
7.20 {d, 1H), 4.12 (t, 2H), 2.98 (t, 2H) , 2.80 (6, 3H> , 
2*QQ,. (m, 2H) ., 

13 C NMR (CDC1 3 ) 6 172.5, 160.08, 148.1, 
135.01, 122.7, 61.5, 34.8, 24.2, 22.2. 
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Anal. calcd. for C 10 H 12 N 2 : C, 75.00, H, 7.50; 
N, 17.50. Found: C, 74.94; H, 7.51; N, 17.47. 

( + -6-Methvlnornicotine (XVI) : 

Into a round bottom flask was placed XV (3.0 
5 g, 0.018 mole), methanol (20 mL) and glacial acetic 
acid (4 mL) . The mixture was cooled to -78°C in a dry 
ice -acetone bath, and sodium borohydride (1.332 g, 0.36 
mole) was added over 30 min. After addition, the 
reaction mixture was allowed to warm to ambient 

10 temperature, and stirred for 1 hr. The methanol then 
was removed on a rotary evaporator under reduced 
pressure and the residue was basif ied with aqueous 
sodium hydroxide (50% w/v) to pH 8-9. The aqueous 
solution was extracted with chloroform (5 x 25 mL) and 

15 the combined organic liquors dried over anhydrous 
sodium sulfate, filtered and evaporated on a rotary 
evaporator to afford XVI as a dark brown liquid, which 
was distilled at 4 mm Hg to yield a clear, colorless 
liquid (b.p. is 113-114°C, 4mm Hg) (2.43 g, 80%). 

20 1 H NMR (CDCl,) 6 8.42 (s ( 1H) , 7.60 (d, 1H) , 

7.10 (d, 1H) , 4.15 (t, 1H) , 3.12 (m, 1H) , 3.00 (m, 1H) , 
2.30 (s, 3H) , 2.20-2.00 (m, 3H) , 2.00-1.98 (m, 2H) , 
1.78-1.60 (m, 2H) . 

HC10, salt *H NMR (D 2 0) 6 8.62 (s, 1H) , 8.40 

25 (d, 1H), 7.81 (d, 1H) , 3.58 (t, 2H) , 2.78 (s, 3H) . 

Anal. c^aJLcd. for C l0 H 16 N 2 Cl a Oe : C, 33 . 9|^rH, 
4.40; N, 7.71; Cl, 19.55. Found: C, 33 .16; H*^^W; ' 



4:46 ; ^ 



g), and fo^^j^, (37* . w^^in 
formic acid X9$*9Z. k w/y, 4^>MW* 
added. The mixture th n was refluxed under nitrogen 
35 for 8 hr. The cooled reaction mixture was basif ied 
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with aqueous sodium hydroxide (50% w.v) to pH 8-9, and 
the solution extracted with chloroform (5 x 25 mL) . 
The combined organic liquors were dried over anhydrous 
sodium sulfate, filtered and evaporated; and the 
resulting oil distilled under reduced pressure to 
afford XVII as a clear odorless oil (b.p. 107°C at 3 mm 
Hg, 92 % yield) . 

X H NMR (CDC1 3 ) 6 8.40 (s, 1H) , 7.60 (d, 1H) , 
7.12 (d, 1H) , 3.15 (t, 1H), 3.00 (t , 1H) , 2.56 (s, 3H) , 
2.40-2.20 (m, 1H) , 2.18-2.08 (m, 4H) , 2.00 - 1.92 (m, 
1H) , 1.80-1.60 (m, 2H) . 

HC10 4 salt. Anal, calcd. for C^H^C^Og : C, 
35.01? H, 4.77; N, 7.42; Cl , 18.83. 
Found: C, 35.12; H ; 4.85; N, 7.37; Cl , 18.76. 
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N-Ethvlcarbamate of (+/- ) -6-methvlmetanicotine (XVIII) : 

To a stirred solution of XVII (3.0 g, 0.017 
mole) in methylene chloride (25 mL) under nitrogen 
atmosphere was added dropwise a solution of 
ethyl chloroformate (2.40 g) in methylene chloride (10 
mL) at ambient temperature. The mixture was refluxed 
for 4 hr. After evaporation of solvent on a rotary 
evaporator under reduced pressure, the resulting oil 
was vacuum distilled to give XVIII as a thick viscous 
liguid (b.p. 172-17SOC, 4 rim 1^ 
purified by silica column e^^ma'llil^r 



about 3 g of XVIII (70% V^&» 

*H NMR (CDCi 3 ) 6 8.40 (bJ^'M) 

7. 08 (d, /'6'.fed : (ST inn^TO^^^w 

2H), 3.40 (m, 2H) , 2.91 (s # 3tt> , 
1 .22 (t, 3H) . 



(E>-N-methvl^4-f3-(6- 




7761 (d, 1H) , 

, f 4.18 (q, 

m, ;sh) , 




rili 



35 



Into a round bottom 



(3.0 g, 0.012 mole), and conceM^l^WS^chioric acid 
(15 mL) was added. The mixture was refluxed overnight, 
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and the resulting solution basified with aqueous sodium 
hydroxide (50% w/v) to pH 8-9. The solution was 
extracted with chloroform (4 x 25 mL) , the combined 
organic liquors dried over anhydrous sodium carbonate, 
filtered, and the solvent evaporated to afford an oil. 
Vacuum distillation of the oil afforded XIX as a clear, 
colorless liquid (b.p. 80°C at 0.2 mm Hg r 78% yield). 
XIX then was provided in the form of a monofumarate 
salt, m.p. 134-135°C. 

Difumarate salt. X H NMR (DMSO-d € ) 6 8.42 (s, 
1H) , 7.76 (d, 1H) # 7.20 (d, 1H) , 6.52-6.24 (m, 4H) , 
3.00 (t, 2H) , 2.60-2.00 (m f 3H) . 

Anal. Calcd. for C^H^N. .2C<H 4 0 4 : C, 55.88; H, 
5.88; N, 6.86. Found: C, 55.72; H, 5.93; N, 6.83. 

Sample No. 7 is N-methyl- (3 -pyridinyl ) - 
butane -1 -amine, which was prepared essentially in 
accordance with the following techniques. 

(E) -Metanicotine (0.4 g, 2.46 mmole) was 
dissolved in a mixture of methanol (20 mL) and glacial 
acetic acid (1 mL) and 5% Pd-C catalyst (30 mg) was 
added. The mixture was hydrogenated at 50 psig 
hydrogen for 2 hr. The reaction mixture then was 
filtered and the solvent removed on a rotary 

To the residue was added water (5 mL) and 



aqueous sodium 



evaporator, 

the aaueous^.solution^baisj-fliSd to pH 8-9 with 40% 

'.The ' mixture then was 

m&ffiffi^'\' : ' '■'*■■■ 
Six iO nit) , and the combined 
BHWHW^^ 1 "' ' " '. ' 
otasslum carbpnate, 

eyaporSted under reduced 



dried^OMfeiL, 



organic 11 




resu lting oil then 
umarate salt, melting 



.2 .. ,7,8,^,2 -^60*., ^ft^^AU 
1H) 



ACDCU) 5 8.42 (m. 2H> . 7.50 
HTH (m, 4H), 2.40 (s. 3H) , 
2U) , 1.22 (broad s. 
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Difumarate salt. : H NMR (D 2 0) 6 8.64 (d, 2H) , 
8.43 <d, 1H) , 8.00 (m ( 1H) , €.62 <s, 4H) , 3.24 <t, 2H) , 
2.90 (t, 2H) , 2.70 (s, 3H) , 1.81-1.69 (m, 4H) . 

Anal, calcd. for C 10 H 16 N 2 . 2C 4 H 4 0 4 . 1/2H.O: C, 
5 53.33; H, 6.17; N, 6.91. Found: C, 53.33; H f 6.06; N, 
7.07. 

Sample No. 8 is (E) -metanicotine which was 
provided generally using the techniques set forth by 
Laforge, J.A.C.S . , Vol. 50 # p. 2477 (1928). 
10 For comparison purposes, Sample No. C-l was 

provided. This sample is (S) -(-) -nicotine, which has 
been reported to have demonstrated a positive effect 
towards the treatment of various CNS disorders. 



Determination of binding of compounds to relevant 
15 receptor sites : 

Rats (Sprague-Dawley) were maintained on a 12 
hour light /dark cycle and were allowed free access to 
water and food supplied by Wayne Lab Blox, Madison, WI. 
Animals used in the present studies weighed 200 to 250. 
20 g. Brain membrane preparations were obtained from 
brain tissue of either males or females. 

Rats were killed by decapitation following 
anesthesia with 70% C0 a . Brains were removed and placed 
PAnl ^i j^^^fij d platform . the cerebellum was removed 
^^mw^^^^I^^^ tissue ' wa£ pladed in id volumes 



feVof ice-cold buffer (Krebs -Ringers 
118 tpM; KCl, 4.8 mM; CaCl 2 , 2.5 niM; MgS0 4 , 
f^^; j pl to 7.i^fi5H) atild 

The 
x g f or 

*M 20 
a 





After 60 min 



incubation at 4 °C, 
STcoilected by centrifugal ioh at 18,000 x 
£r resuspehsion in id volumes of 
a new final pellet was again collected by 
cent rifugat ion at 18,000 x g for 20 min. Prior to each 
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centrifugation step, the suspension was incubated at 
37°C for 5 min. to promote hydrolysis of endogenous 
acetylcholine. The final pellet was overlayered with 
buffer and stored at -70°C. On the day of the assay, 
5 that pellet was thawed, resuspended in buffer and 
centrifuged at 18,00 0 x g for 20 min. The pellet 
obtained was resuspended in buffer to a final 
concentration of approximately 5 rag protein/ml. 
Protein was determined by the method of Lowry et al . f 
10 J- Biol. Chem. . Vol. 193, pp. 265-275 (1951), using 
bovine serum albumin as the standard. 

The binding of L- [ 3 H] nicotine was measured 
using a modification of the method of Romano et al . , 
Science , Vol. 210, pp. 647-650 (1980) as described 
15 previously by Marks et al . , Mol . Pharmacol . . Vol. 30, 
pp. 427-436 (1986). The L- [ 3 H] nicotine used in all 
experiments was purified chromatographically by the 
method of Romm, et al . , Life Sci. . Vol. 46, pp- 935-943 
(1990). The binding of L- [ 3 H] nicotine was measured 
20 using a 2 hr. incubation at 4°C Incubations contained 
about 500 ug of protein and were conducted in 12 mm x 
75 mm polypropylene test tubes in a final incubation 
volume of 250 ul . The incubation buffer was Krebs- 
Rinaers HEEES containing 200 mM TRIS buffer, pH 7.5. 
.,.25 ^jrhe^binding .reaction was terminated by filtration of 
.the .protein containing bound ligand onto glass fiber 

, ^ m ^^mmm^ vacuum was -50 ^o -1.00 top. Each filter 

Fi.ifci-ation. atroaratus was cooled, to 2°C Before use 

b^Adipg ^ was ^mmm^^^^ pf 10 

Bs^- : «. The inhibition ,of . J«.litf^9ttta - • .Pk*#&®«tfc. , 

test compounds was det rrained by including one of eight 
different concentrations of the test compound in the 



t 



WO 96/20600 



PCT/US95/17034 



-44- 

incubation. Inhibition profiles were measured using 10 
nM L- [ 3 H] nicotine and IC 50 values were estimated as the 
concentration of compound that inhibited 50 percent of 
specific L- [ 3 H] nicotine binding. Inhibition constants 
(Ki values) , reported in nM, were calculated from the 
IC 50 values using the method of Cheng et al . , Biochem. 
Pharmacol . . Vol. 22, pp. 3099-3108 (1973). 
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Determination of Dopami ne Release: 

Dopamine release was measured by preparing 
synaptosomes from the striatal area of rat brain 
obtained from Sprague-Dawley rats generally according 
to the procedures set forth by Nagy et al . , 
Neurochem. . Vol. 43, pp. 1114-1123 (1984). Striata 
from 4- rats were homogenized in 2 ml of 0.32M sucrose 
buffered with 5 mM HEPES (pH 7.5), using a glass-Teflon 
tissue grinder. The homogenate was diluted to 5 ml 
with additional homogenization solution and centrifuged 
at 1,000 x g for 10 min. This procedure was repeated 
on the new pellet and the resulting supernatant was 
centrifuged at 12,000 x g for 20 min. A 3 layer 
discontinuous Percoll gradient consisting of 16 
percent, 10 percent and 7.5 percent Percoll in HEPES- 
buffered sucrose was made with the final pellet 
dispersed- in the tpp layer. After centrifugratiori at 
15,000 x g for 20 min., the synaptosomes were recovered 
above the. 16 percent layer with t a Pasteur ^P^te, 
diluted with 8 ml of perfusion buffer (128 mM NaCl, 2.4 
m KCl, 3,2 Mm CtCl^ 1.2 *.|^4. (i l : 2..?aEE^2L w ., 

mM pargyline) , and centrifuo^i at TSjXf&O Stl 

min- The.-Jiew^p^t. was effigy f8jf»wf iTl 
perfusion J^gF,., The synaotosome susRenBipn w & s 
ins?ufeatejd. f or ^oj in . 



35 



(Amersham., AQ^,0,M/mol) Wfts,,ad,a|£, ^Mn-^^fft 
to give a final concentration of 0.1 uM, and the 
suspension was incubated for another 5 min. Using this 
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method, 3 0 to 90 percent of the dopamine was taken up 
into the synaptosomes , as determined by scintillation 
counting following filtration through glass fiber 
filters soaked with 0.5 percent polyethyleneimine . A 
5 continuous perfusion system was used to monitor release 
following exposure to each ligand. Synaptosomes were 
loaded onto glass fiber filters (Gelman type A/E) . 
Perfusion buffer was dripped onto the filters (0.2-0.3 
ml/min.) and pulled through the filters with a 

10 peristaltic pump. Synaptosomes were washed with 
perfusion buffer for a minimum of 20 min. before 
addition of the ligand. After the addition of 0.2 ml 
of a solution containing various concentrations of 
ligand, the perfusate was collected into scintillation 

15 vials at 1 min. intervals and the dopamine released was 
quantified by scintillation counting. Peaks of 
radioactivity released above background were summed and 
the average basal release during that time was 
subtracted from the total. Release was expressed as a 

20 percentage of release obtained with an equal 
concentration of (S) -(-) -nicotine. 



Petsynrinatipn pf Log P; 

Log P values (log octanol/water partition 

cQefficient) , which have been ^^^^^^^^^^^ 
25 relative abilities of compounds ^^^^S^^^^^T^^^ 




t 
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De termination of Interact ion with Muscle 

Human muscle activation was established on 



the human clonal line TE671/RD which is derived from an 



through pharmacological {Lukas, J . Pharmacol . Exp . 
Ther. . Vol. 251, pp. 175-182 (1989)), 
electrophysiological (Oswald et al, Neurosci . Lett . . 
Vol. 96, pp. 207-212 (1989)), and molecular biological 

10 studies (Luther et al., J. Neurosci. . Vol. 9, pp. 1082- 
1096 (1989)) these cells express muscle -like nicotinic 
receptors. Nicotinic acetylcholine receptor (nAChR) 
function was assayed using 86 Rb* efflux according to a 
method described by Lukas et al . , Anal . Biochem . . Vol. 

15 175, pp. 212-218 (1988) . Dose-response curves were 

plotted and the concentration resulting in half maximal 
activation of specific ion flux through nicotinic 
receptors determined for human muscle and rat 
ganglionic preparations (EC50) . The maximal activation 

20 for individual compounds (Emax) was determined as a 
percentage of the maximal activation induced by (S) - 
(-) -nicotine. 

Determination of Interaction with Ganglia: 



25' rat'tiili^ 

cbn^^ origin 



receptors expressed in rat ganglia share a very high 



embryonal rhabdomyosarcoma (Stratton et al., 
5 Carcinogen , Vol. 10, pp. 899-905 (1989)). As evidenced 




l^WMbllshed on the 
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10 



15 



20 



degree of homology with their human counterparts. See, 
Fornasari et al., Neurosci . Lett . , Vol. Ill, pp. 351- 
356 (1990) and Chini et al . , Proc. Natl. Acad. Sci . 
USA , Vol. 89, pp. 1572-1576 (1992). Both clonal cell 
lines described above were maintained in proliferative 
growth phase according to routine protocols (Bencher if 
et al., Mol. Cell. Neurosci. , Vol. 2, pp. 52-65/ (1991) 
and Bencherif et al., J . Pharm acol . Exp . Ther . , Vol. 
257, pp. 946-953 (1991)). Intact cells on dishes were 
used for functional studies. Routinely, sample 
aliquots were reserved for determination of protein 
concentration using the method of Bradford, Anal . 
Biochem. , Vol. 72, pp. 248-254 (1976) with bovine serum 
albumin as the standard. 

Nicotinic acetylcholine receptor (nAChR) 
function was assayed using 86 Rb + efflux according to a 
method described by Lukas et al . , fo^al. Biochem., Vol . 
175, pp. 212-218 (1988) . Cells were plated in 35-mm 
diameter wells of 6 -well dishes for at least 48 hours 
and loaded for at least 4 hours at 37° c i n a me dium 
containing serum, and lMCi/ml 86 Rb + . Following removal 
of the loading medium, cells were quickly washed three 
times with label-free Ringer's solution and exposed for 
■A#*B^^ Ringer's containing the 

^^^of^njgL^4- -tQ,.^e. tested ,<to 
U^) f >,pr in v ;a^i^i©n to 100 juM 

^^^^^4^, ^1^14^) • The 




l) . Sneerf ic ion efflux was 
ference in isotope efflux between 



?nee 

l £be concentration .r^su||^in 
QM specific ion f lu^x thrown 
fctojas determined for human muscle- -and rat 
ganglionic preparations (EC50) . Th maximal activation 
for individual compounds (Emax) was determined as a 
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percentage of the maximal activation induced by 
(S) - (-) -nicotine. 

Data are presented in Table I . 



Table I 



Sample 


Ki (nM) 


logP 


Dopamine Release 


Muscle 


Ganglion Effect 


Nn 










Effect 










EC50 
<nM) 


Emax 
(%nicotine) 


(% nicotine) 


(% nicotine) 


C-l* 


2 


0.71 


115 


100 


100 


100 


I 


269 


-0.30 


4360 


113 


0 


0 


-» 


86 


0.04 


5800 


77 


4 


1 


3 


22 


1.13 


4000 


95 


0 


0 


4 


58 


1.82 


8350 


87 


7 


59 


5 


77 


1.39 


11339 


88 


0 


0 


6 


176 


1.92 


219 


60 


i 


4 


7 


910 


LSI 


ND 


72 


0 


31 




16 


1.39 


1470 


80 


15 


0 



* not an example of the invention 



ND = not determined 



The data in Table I indicate that the compounds 
have .the~.capability of., passing, the. -blood -brain .barrier 
MQ* £>M ^J^ue^ binding, tp 

h^gh ,af f ini^y ..@^$..nico£in.iq receptors,- as indicated by 
th#i*r low binding constants , and *afe^ 
v ,. of t 4a**£^^ 

neurotransmitter release, thereby, 4»mm^^^^9 Hppwn 

jiaye tk& ; ^ 4n 



^i: ,^ ^r sffc^Jfceroe • Furthermore, the data, indic^te^that 
^ ^^S^ /v; ^jpicgj^^ do not causer aiiy ^ 

sites and ganglionic sites, thus indicating a 
lack of undesirable side effects in subjects receiving 
administration of those compounds. 



t 
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THAT WHICH IS CLAIMED IS: 

1. A method of use of a compound for the 
manufacture of a medicament for prevention or treatment 
of a CNS disorder, the compound having the formula: 



.(CH 2 ) n ^ 

N' 
I 

2" 




10 where X is nitrogen or carbon bonded to a substituent 
species characterized as having a sigma m value between 
about -0.3 and about 0.75; n is an integer which ranges 
from 1 to 5; Z' and Z" individually represent hydrogen 
or alkyl containing one to five carbon atoms; A, A' and 

15 A' ' individually represent hydrogen, alkyl containing 
one to seven carbon atoms, or halo; the dashed line in 
the structure represents a C-C single bond, a C-C 
double bond or a C-C triple bond; the wavy line in the 
structure represents a cis (Z) or trans (E) form of the 

20 compound when the dashed line is a C-C double bond; and 
X' represents CH 2 when the dashed line is a C-C single 
bond, CH when the dashed line is a C-C double bond, and 
C when the dashed line is a C-C triple bond. 

2. A method according to claim l whereby ts;h0 
disorder is selected from the group consisting of 
Tourette's syndrome, attention deficit disorder , &ftk 
schizqphreni*. . ^t^.^r 

3 . A method accor4ing te> mm ^ ^^^^^^^^ 
disorder is selected frpjn the group consisting ^ f mfm^^, 
onset Alzheim r's, senile dementia 6f the Alzhe^mWf^ w ; 
type, PArkin6en'.0.44#.'.A«« and PajfciSeofriim. 
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4 . The method of Claim 2 or 3 whereby the 
compound is (Z) -metanicotine . 

5 . The method of Claim 2 or 3 whereby the 
compound is N-methyl-4- (3-pyridinyl) -3-butyne-l-amine . 

5 6. The method of Claim 2 or 3 whereby the 

compound is (E) -N-methyl-4- (3- (6-methylpyrindin)yl) -3- 
butene - 1 - amine . 

7. The method of Claim 2 or 3 whereby the 
compound is N-methyl- (3-pyridinyl) -butane -1- amine . 

10 8. The method of Claim 2 or 3 whereby the 

compound is (E) -4- (5-pyrimidinyl) -3-butene-l-amine or 
(E) -N-methyl-4- (5-pyrimidinyl) -3-butene-l-amine. 

9. The method of Claim 2 or 3 whereby the 
compound is (E) -4- (3- (5-methoxypyridin) yl) -3-butene-l- 

15 amine or (E) -N-methyl-4- (3- (5-methoxypyrindin) yl) -3- 
but ene - 1 - amine . 

10. The method of Claim 2 whereby the compound 
is (E) -metanicotine. 



11. The method of Claim 2^r3B3S 

characterized as having a sigma m y^^^^^^F fchan 0; 
n is an integer which ranges £ rdm ^l ^al^ f ? ■ 2 ' ' 
ipdi^^ A 

25 methyl or et * v 
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12 . The method of Claim 2 or 3 whereby X is 
nitrogen or carbon bonded to a substituent species 
characterized as having a sigma m value less than 0; n 
is an integer which ranges from 1 to 3; Z' and Z' ' 
5 individually represent hydrogen, methyl or isopropyl; A 
and A' represent hydrogen; and A' ' represents hydrogen, 
methyl or ethyl. 



13 . The method of Claim 2 or 3 whereby n is an 
integer which ranges from 1 to 3; Z' and Z' ' 

10 individually represent hydrogen, methyl or isopropyl; A 
and A' represent hydrogen; A'' represents hydrogen, 
methyl or ethyl; and when the dashed line is a C-C 
double bond and the compound has the trans (E) form, 
the substituent species is characterized as having a 

15 sigma m value not equal to 0. 



14. The method of Claim 2 or 3 whereby X is 
nitrogen or carbon bonded to a substituent species 
characterized as having a sigma m value between about - 
0.25 and about 0.6; n is an integer which ranges from 1 

20 to 3; Z' and Z r ' individually represent hydrogen, 

methyl or isopropyl; A and A' represent hydrogen; and 
A' ' represents hy^^n; t^^yl or ft3%I . 

15. Th e ^^f^^ ^ l l ^E i ll 3 Whereby X is 
nitrogen; n is an ^J ^^ ^ ^ ^^f^ ra^^s from l to 3; Z' 

25 and Z' ' indivicRj^^ nfethyl or 

i^ l ^y^ll : angL£' ,^™iSK^^B|n ; and A" 

represents 
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16. A compound having the formula: 



5 



N A 



(CH 2 ) 0 




where X is nitrogen, CH or C-OCH 3 ; n is an integer which 
ranges from 1 to 5; Z' and Z' ' individually represent 
10 hydrogen, methyl or isopropyl; A, A' and A' ' represent 
hydrogen; and the wavy line represents a cis (Z) or 
trans (E) form of the compound. 

17 . The compound of Claim 16 wherein the 
compound has a trans (E) form. 

15 18. The compound of Claim 16 wherein n is an 

integer which ranges from 1 to 3 . 

19. The compound of Claim 16 wherein the 
compound is selected from the group consisting of (E) - 
N-methyl-4- [3- (6-methylpyrindin) yl] -3-butenylamine, 
20 (E) -N-methyl-4- (5-pyrimidinyl) -3-butene-l-amine , (E) -4- 
(3- (5-methoxypyridin)yl) -3-butene-l-amine, (E) -N- 

•- ... 'dfc ..'-4. ,»_■. M •# • 'at^.K 7, . -uJ • .*,..»■ . . . . 
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PHARMACEUTICAL COMPOSITIONS FOR 
PREVENTION AND TREATMENT 
OF CENTRAL NERVOUS SYSTEM DISORDERS 



Background of the Invention 
The present invention relates to compounds having pharmaceutical 
properties, and in particular, to compounds useful for preventing and treating 
central nervous system (CNS) disorders. The present invention relates to a 
5 method for treating patients suffering from or susceptible to such disorders, and 
in particular, to a method for treating patients suffering from those disorders 
which are associated with neurotransmitter system dysfunction. The present 
invention also relates to compositions of matter usefiil as pharmaceutical 
compositions in the prevention and treatment of CNS disorders which have been 
10 attributed to neurotransmitter system dysfunction. 

CNS disorders are a type of neurological disorder. CNS disorders 
can be drug induced; can be attributed to genetic predisposition, infection or 
trauma; or can be of unknown etiology. CNS disorders comprise 
neuropsychiatric disorders, neurological diseases and mental illnesses; and include 
15 neurodegenerative diseases, behavioral disorders, cognitive disorders and 
cognitive affective disorders. There are seveml*CNS ^disorders whose clinical 
manifestation^ 
from inqg^ ^ 

neurotransmitter iSI ' W in^iwS interaction between 



20 



25 



deficiency 





3rs, and/or 
neurotransmitters and newoj *** 
attributed to a.cholitu 



irs). Several CNS disorders can be 
fioiency, an adrenergic 
S disorders of relatively 
ttiiSet Alzheimer's disease), 
Parkinsonism including 
iibiia, hyperkinesia^ mania, 



attention deficit disorder, anxiety, dyslexia, schizophrenia and Tourette's 
syndrome. 



96/36637 



PCT/US96/04536 



■2- 



10 



15 



20 



25 



Senile dementia of the Alzheimer's type (SDAT) is a debilitating 
neurodegenerative disease, mainly afflicting the elderly; characterized by a 
progressive intellectual and personality decline, as well as a loss of memory, 
perception, reasoning, orientation and judgment. One feature of the disease is an 
observed decline in the function of cholinergic systems, and specifically, a severe 
depletion of cholinergic neurons (i.e., neurons that release acetylcholine, which 
is believed to be a neurotransmitter involved in learning and memory 
mechanisms). See, Jones, et al., Intern. J. NeuroscL Vol. 50, p. 147 (1990); 
Perry, Br. Med. Bull., Vol. 42, p. 63 (1986) and Sitaram, et al., Science. Vol. 
201, p. 274 (1978). It has been observed that nicotinic acetylcholine receptors, 
which bind nicotine and other nicotinic agonists with high affinity, are depleted 
during the progression of SDAT. See, Giacobini, J. Neurosci. Res., Vol. 27, p. 
548 (1990); and Baron, Neurology. Vol. 36, p. 1490 (1986). As such, it would 
seem desirable to provide therapeutic compounds which either directly activate 
nicotinic receptors in place of acetylcholine or act to minimize the loss of those 
nicotinic receptors. 

Certain attempts have been made to treat SDAT. For example, 
nicotine has been suggested to possess an ability to activate nicotinic cholinergic 
receptors upon acute administration, and to elicit an increase in the number of 
such receptors upon chronic administration to animals. See, Rowell, Adv. Behav. 
gioL Vol. 31, p. 191 01987/); andMarks, I PhannacoLjExo. JEher» Vol. 226, p. 



30 



817|tp^ 

of acetylcholine Viri "Brain tissue, to improve cognitive functions, and to 
;ell, et al.. J. Neurochem.. Vol. 43, p. 1593 (1984); 
, Vol. 8,.pp. 155-184 (1993); Hodges, et al. .Bio. 

^ p.; 157 (1991); mS^,4^*MM^SSSh 
^^.S. Parent Nos. 4,965,074 to L<^n . and 
IFllOal. Other methods for treating SDAT have been 
sSart Nos. 5,212,188 to Caldwell et al. and 5,227,391 
gy ^pean ^alent Application Nq. 58.8,917. Angler 
proposed treatment for SDAT is Cognex, which is a capsule containing tacrine 
hydrochloride, available from Parke-Davis Division of Warner-Lambert 
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Company, which reportedly preserves existing acetylcholine levels in patients 
treated therewith. 



disease, presently of unknown etiology, characterized by tremors and muscular 
5 rigidity. A feature of the disease appears to involve the degeneration of 
dopaminergic neurons (i.e., which secrete dopamine). One symptom of the 
disease has been observed to be a concomitant loss of nicotinic receptors which 
are associated with such dopaminergic neurons, and which are believed to 
modulate the process of dopamine secretion. See, Rinne, et al., Brain Res.. Vol. 
10 54, pp. 167-170 (1991) and Clark, et al., Br. J. Pharm.. Vol. 85, pp. 827-835 
(1985). It also has been proposed that nicotine can ameliorate the symptoms of 
PD. See, Smith et al., Rev. NeuroscL Vol. 3(1), pp. 25-43 (1982). 



treatment for PD is Sinemet CR, which is a sustained-release tablet containing a 
15 mixture of carbidopa and levodopa, available from The DuPont Merck 
Pharmaceutical Co. Another proposed treatment for PD is Eldepryl, which is a 
tablet containing selefiline hydrochloride, available from Somerset 
Pharmaceuticals, Inc. Another proposed treatment for PD is Parlodel, which is 
a tablet containing bromocriptine mesylate, available from Sandoz 
20 Pharmaceuticals Corporation. Another method for treating PD and a variety of 
other neurodegenerative diseases has been proposed in U.S. Patent No. 5,210,076 



S^^^^agcing; while phonic or vocal tics include throat clearing, snififligg, 
yelping, tongue clicking and uttering words out of context. The pathophysiology 
of TS presently is unknown, however it is believed that neurotransmission 



Parkinson's disease (PD) is a debilitating neurodegenerative 



Certain attempts have been made to treat PD. One proposed 
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dysfunction is implicated with the disorder. See. Calderon-Gonzalez et al., Intern. 
PediaU Vol. 8(2), pp. 176-188 (1993) and Oxford Textbook of Medicine. Eds. 
Weatherall et al M Chapter 21.218 (1987). 

It has been proposed that nicotine pharmacology is beneficial in 
5 suppressing the symptoms associated with TS. See, Devor et al., The Lancet. 
Vol. 8670, p. 1046 (1989); Jarvik, British J. of Addiction. Vol. 86, pp. 571-575 
(1991); McConvilie et al., Am. J. Psychiatry. Vol. 148 (6), pp. 793-794 (1991); 
Newhouse et al., Brit. J. Addic . Vol. 86, pp. 521-526 (1991); McConvilie et al., 
Biol. Psychiatry. Vol. 31, pp. 832-840 (1992); and Sanberg et al., Proceedings 

10 from Intl. Svmp. Nic . S39 (1994). It also has been proposed to treat TS using 
Haldol, which is haloperidol available from McNeil Pharmaceutical; Catapres, 
which is clonidine available from Boehringer Ingelheim Pharmaceuticals, Inc., 
Orap, which is pimozide available from Gate Pharmaceuticals; Prolixin, which 
is fluphenazine available from Apothecon Division of Bristol-Myers Squibb Co.; 

15 and Klonopin, which is clonazepam available from Hoffmann-LaRoche Inc. 

Attention deficit disorder (ADD) is a disorder which affects mainly 
children, although ADD can affect adolescents and adults. See, Vinson, Arch. 
Fam. Med. . Vol. 3(5), pp. 445-451 (1994); Hechtman. J. Psychiatry NeuroscL 
Vol. 19 (3), pp. 193-201 (1994); Faraone et al., Biol. Psychiatry. Vol. 35(6), pp. 

20 398-402 (1994) and Malone et al. . J. Child Neurol. . Vol. 9(2), pp. 181-189 
(1994). Subjects suffering from the disorder typically have difficulty 
co^ntra^^ lisrt^ 

impulsive and easily distracted. Attention deficit disorder with hyperactivity 
(ADHE>) includes the syrnptoms of ADD as well as a high level of activity (e.g., 
25 restlessness and movement). Attempts to treat ADD have involved administration 

letaitiihe 



of Dexedrine, which is a sustained release capsule containing dext „ 

sulfete, available from Smffi^uw |^|p ^|^^]^^; jjljf^^ 



a tablet containing me^ylpi^^at^ hydfcMii 1 ^^!, a^llSle fritrt" 

' ' y """ " 



.... . , . ^■■$w-- i :-\<'*^<v---^ 

Pharmaceutical Company; and Cylert, which is a tablet containing premoline, 
30 available from Abbott Laborafories. In a^^^'g^k^JmSgU 



administration of nicotine to an individual improves that individual's selective and 
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sustained attention. See, Warburton et al., Cholinergic control of cofl ni tj j vq 
resources. Neuropsvchobioloev. Eds. Mendlewicz, et al., pp 43-46 (1993). 

Schizophrenia is characterized by psychotic symptoms including 
delusions, catatonic behavior and prominent hallucinations, and ultimately results 
in a profound decline in the psychosocial affect of the subject suffering 
therefrom. Traditionally, schizophrenia has been treated with Klonopin, which 
is available as a tablet containing clonezepam, available from Hoffmann-LaRoche 
Inc.; Thorazine, which is available as a tablet containing chlorpromazine, 
available from SmithKIine Beecham Pharmaceuticals; and Clozaril, which is a 
tablet containing clozapine, available from Sandoz Pharmaceuticals. Such 
neuroleptics are believed to be effective as a result of interaction thereof with the 
dopaminergic pathways of the CNS. In addition, a dopaminergic dysfunction 
possessed by individuals suffering from schizophrenia has been proposed. See, 
Lieberman et al., Schizophr. Bull .. Vol. 19, pp. 371-429 (1993) and Glassman, 
Amer. J. Psychiatry. Vol. 150, pp. 546-553 (1993). Nicotine has been proposed 
as being effective in affecting neurotransmitter disfunction associated with 
schizophrenia. See, Merriam et al., Psvchiatr. Annals. Vol, 23, pp. 171-178 
(1993) and Adler et al., Biol. Psychiatry, Vol. 32, pp. 607-616 (1992). 

Nicotine has been proposed to have a number of pharmacological 
effects. Certain of those effects may be related to effects upon neurotransmitter 
release. See, for example, Sjakrshie et al., Brain-Res. . Vol. 624, pp. .295^298 
(199*3), where ii^^rote:tive effects of nigg^-^^p-^^ 




acetylcholine and dopamine by neurons upon administration .of nicotiheiiB 
reported by Rowell et al., J. Neurochem. . Vol. 43Lpp. 15 93rl598J 19i 
et al., J. Neurochem.. Vol. 50, pp. 1123-1130 
Vol; 567,^ 3l|gl6 (^^yp 
(1973). .^^^|rine^y jppm 

has been reported by Jrlall et al., Biocnem, 
(1972). Release of serotonin by neurons upon admm 
reported by Hery et al., 
(1977). Release of glutamate by neurons upon administration of nicotine has 
been reported by Toth et al., Neurochem Res .. Vol. 17, pp. 265-271 (1992). 
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Therefore, it would be desirable to provide a pharmaceutical composition 
containing an active ingredient having nicotinic pharmacology, which 
pharmaceutical composition is capable of eliciting neurotransmitter release within 
a subject in order to prevent or treat a neurological disorder. In addition, nicotine 
5 reportedly potentiates the pharmacological behavior of certain pharmaceutical 
compositions used for the treatment of certain CNS disorders. See, Sanberg et 
al., Pharmacol- Biochem. & Behavior. Vol. 46, pp. 303-307 (1993); Harsing et 
al» J. Neurochem. . Vol. 59, pp. 48-54 (1993) and Hughes, Proceedings from Intl. 
Svmp. Nic , S40 (1994). Furthermore, various other beneficial pharmacological 

10 effects of nicotine have been proposed. See, Decina et al., Biol. Psychiatry, Vol. 
28, pp. 502-508 (1990); Wagner et al, Pharmacopsychiatry. Vol. 21, pp. 301-303 
(1988); Pomerleau et al., Addictive Behaviors. Vol. 9, p. 265 (1984); Onaivi et 
al., Life ScL Vol. 54(3), pp. 193-202 (1994) and Hamon, Trends in Pharmacol. 
Res., Vol. 15, pp. 36-39. 

15 It would be desirable to provide a useful method for the prevention 

and treatment of a CNS disorder by administering a nicotinic compound to a 
patient susceptible to or suffering from such a disorder. It would be highly 
beneficial to provide individuals suffering from certain CNS disorders with 
interruption of the symptoms of those diseases by the administration of a 

20 pharmaceutical composition which has nicotinic pharmacology and which has a 
beneficial effect upon the functioning of the CNS, but which does not provide 



any significant 



pressure) attendant with interaction of 1 
It would be highly desirable to provide a 
25 incorporating a compound wmch interacts wi tn meet 



potential to affect the ftini 
affect tfiose receptors wHicff'Bwe^ 
(e.g. ? Ipp^iaDle pressor 
miis^e^tel). 



igjuft rate and blood 
cardio vascular sites, 
iaceutical composition 
atprs which have the 
^npt si^iificantly 
Hsirable side effects 
activity at skeletal 
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Summary of the Invention 
The present invention, in one aspect, relates to 2- 
azabicyclo[2.2.1]hept-5-ene compounds. Such compounds have a bicyclic 
functionality; and (i) the bridge of such functionality has a length of 1 carbon 
5 atom, (ii) the bicyclic functionality can have a C-C single bond or a C-C double 
bond positioned at its 5-6 position, and (iii) the nitrogen of the bicyclic 
functionality can possess a substituent group other than hydrogen, and (iv) the 3 
position of the bicyclic functionality can possess a substituent positioned such 
that the compound can exist in either an endo or exo form. 
10 The present invention, in another aspect, relates to 2- 

azabicyclo[2*2.2]oct-5-ene compounds. Such compounds have a bicyclic 
functionality; and (i) the bridge of such functionality has a length 2 carbon atoms, 
(ii) the bicyclic functionality can have a C-C single bond or a C-C double bond 
positioned at its 5-6 position, and (iii) the nitrogen of the bicyclic functionality 
15 can possess a substituent group other than hydrogen, and (iv) except when a C-C 
single bond exists at the 5-6 position of the bicyclic functionality, the 3 position 
of the bicyclic functionality can possess a substituent positioned such that the 
compound can exist in either an endo or exo form. 

The present invention relates to a method for providing prevention 
20 or treatment of a central nervous system (CNS) disorder. The method involves 
administering to a j^ect an effective amount x>f a compound „oLthe„present 
invention. The^ompouncL 



.^^mimstered in*airee*hase4b^ 

Mor^asMan.enantjome r. 

25 The. present ^^ntiTO relates to a .pharmaceutical 

jwpaigount a compound of 4je mm& 
^^mp osition incorporates a compound which 
[rele vant nicotinic receptor sites of a subject, 
gf acting as a therapeutic in the prevention or 
30 tmntSnertt ' ^^S^ can have a free base form or be in 

the form of a pharmaceutically acceptable salt The compound can be 
administered in the form of a racemic mixture or as an enantiomer. 



r:. m 
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The pharmaceutical compositions of the present invention are 
useful for the prevention and treatment of CNS disorders. The pharmaceutical 
compositions provide therapeutic benefit to individuals suffering from certain 
CNS disorders and exhibiting clinical manifestations of such disorders in that the 
compounds within those compositions have the potential to (i) exhibit nicotinic 
pharmacology and affect nicotinic receptors sites in the CNS (e.g., act as a 
pharmacological agonist to activate nicotinic receptors), and (ii) elicit 
neurotransmitter secretion, and hence prevent and suppress the symptoms 
associated with those diseases. In addition, the compounds are expected to have 
the potential to (i) increase the number of nicotinic cholinergic receptors of the 
brain of the patient, (ii) exhibit neuroprotective effects and (iii) not provide 
appreciable adverse side effects (e.g., significant increases in blood pressure and 
heart rate, and significant effects upon skeletal muscle). The pharmaceutical 
compositions of the present invention are believed to be safe and effective with 
regards to prevention and treatment of CNS disorders. 

Detailed Description 
of the Preferred Em bodiments 
The present invention relates to certain compounds having the 

formula: 




than 0.2 and even greater than 0.3; less than 0 and generally less than -0.1; or 0; 



10 
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10 



15 



20 



25 



30 



as determined in accordance with Hansch et al., Chem. Rev. . Vol. 91, pp. 165- 
195 (1991); n is an integer which can range from 1 to 2; R individually 
represents hydrogen or lower alkyl (e.g., alkyl containing one to five carbon 
atoms, such as methyl, ethyl or isopropyl), and preferably all R are hydrogen; Z 
represents lower alkyl (e.g., alkyl containing one to five carbon atoms, such as 
methyl, ethyl or isopropyl); A, A' and A" individually represent hydrogen, alkyl 
(e.g., lower straight chain or branched alkyl, including C, - C 7 , but preferably 
methyl or ethyl), or halo (e.g., F, CI, Br or I), and A" can represent an aromatic 
group-containing species, such as aryl, phenyl, pyridyl, arylalkyl (e.g., where the 
alkyl substituent contains 1 to 4 carbon atoms, and an exemplary arylalkyl species 
is benzyl) or pyrimidyl; the dashed line in the structure represents a C-C single 
bond or a C-C double bond; the wavy line in the structure indicates that the 
compound can have a 3 -endo or 3 -exo form; and p is an integer ranging from 0 
to 7 when the dashed line is a C-C single bond, and an integer ranging from 0 
to 5 when the dashed line is a C-C double bond. Preferably, p is 0 or 1, and most 
preferably p is 0. Y represents hydrogen, alkyl (e.g., alkyl containing 1 to 7 
carbon atoms), or an aromatic group-containing species, such as aryl, phenyl, 
pyridyl, arylalkyl (e.g., where the alkyl substituent contains 1 to 4 carbon atoms, 
and an exemplary arylalkyl species is benzyl) or pyrimidyl. Preferably Y is 
straight chain or branched alkyl containing 1 to about 4 carbon atoms (e.g., 
methyl or ethyl). X includes N, C-H, C-F, C-Cl, C-Br, C-I, C-NR'R 5 \C-CF 3 , C- 
bft, C-CN, CrSH, e£pH 3 , C-S^CHj, ^(^ if^ C" 

NR*C(=0)R\ C-G(=0}(3R\ C-OC(K>)R\ C^©(^)»rtt*k' f , <>Nk f C(^te, 
and C-Ph, where tC and R" are individually hydrogen or lower alkyl (e.g.,. alkyl 
containing one to five carbon atoms, jw^ferably methyl or ethyl), and Ph is an 
aromatic grdup-coniainifig species, such as aryl,; r |^^l, pyfidyl, aiyll^^l^, • ! 



where the alkyl substituent contains 1 to 4 carbon Atoms, and an 
^l|kyl Specie* Is^^ft or^BMyj. . W^T^^^nk a © 



bonded to asubstitueht species, that substituent species oftenlias a 
which is between about -0.3 and about 0.75, and frequently between t abo ut .^2^ 
and about 0.6. In addition, it is highly preferred that A is hydrogen, it is preferred 
that A' is hydrogen, and normally A" is hydrogen. Generally, both A and A' are 
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hydrogen; sometimes A and A 5 are hydrogen, and A" is chloro, methyl or ethyl; 
and often A, A' and A" are all hydrogen. For certain preferred compounds, the 
dashed line is a C-C double bond, and Y is a substituent other than hydrogen 
(e.g., alkyl containing 1 to 4 carbon atoms). For certain preferred compounds, 
5 the dashed line is a C-C single bond, and Y is hydrogen. Representative 
compounds include (+/-)-3-exo and (+/-)-3-endo forms of 2-methyl-3-[3-(5- 
bromopyridyl)]-2-azabicyclo[2.2.1]hept-5-ene for which X is C-Br, A, A', A", 
R are H, n is 1, p is 0, Y is CH 3 , and the dashed line represents a C-C double 
bond. Other representative compounds include (+/-)-3-exo and (+/-)-3-endo 
10 forms of 2-methyl-3-[3-(6-methylpyridyl)]-2-azabicyclo[2.2.1]hept-5-ene for 
which X is CH, A" is CH 3 , A, A\ R are H, n is 1, p is 0, Y is CH Jt and the 
dashed line represents a C-C double bond. 



Of particular interest are compounds having the formula: 
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and the endo form is: 




Representative compounds include (+/-)-3-exo and (4-A)-3-endo forms of 2- 
methyl»3-(3-pyridyl)-2-azabicyclo[2.2.1]hept-5-ene, for which the dashed line is 
a C-C double bond, Y is -CH 3 and n is 1. Other representative compounds are 
5 (+/-)-3-exo and (+/-)-3-endo forms of 2-ethyl-3-(3-pyridyl)-2- 
azabicyclo[2.2.1]hept-5-ene, for which the dashed line is a C-C double bond, Y 
is -CH 2 -CH 3 and n is 1. Other representative compounds are (+/-)-3-exo and (+/- 
V3-endo forms of 2-benzyl-3-(3-pyridyl>2-azabicyclo[2.2. 1 ]hept-5-ene, for which 
the dashed line is a C-C double bond, Y is -CH 2 C 6 H 5 and n is 1. Other 
10 representative compounds are (+/-)-3-exo and (+/-)-3-endo forms of 2-para-anisyl- 
3<3-pyridyl)-2-azabicyclo[2.2.1]h^tf5irene > for ,wMch ^e-dashed line is a C-C 
double bond, Y lis ^&^P&&^ 
compounds are (h^3^||^^ 

15 H'ffii^n is 2? ' 



uble bond, Yis 

e dashed line 

______ . 

pompdMdsare (+/- 

20 Another 5 itt^lHPi|^Hp 

a_abicycld[22:_]o'cffi single bond, Y is H 

and n is 2. Another representative compound is the racemic form of 2-methyl-3- 




t 
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(3-pyridyl)-2-azabicyclo[2.2.2]octane, for which the dashed line is a C-C single 
bond, Y is -CH 3 and n is 2. 

Compounds of the present invention can be synthetically produced 
in a step-wise fashion. Pyridyl 3-carboxaldehydes and pyrimidyl 3- 



pyridinecarboxaldehyde, 5-methyl-3-pyridinecarboxaldehyde, 4-phenyI-3- 
pyridinecarboxaldehyde, 5-phenyl-3-pyridinecarboxaldehyde, 6-phenyl-3- 
pyridinecarboxaldehyde, 4-chloro-3-pyridinecarboxaldehyde and 5-chloro-3- 
pyridinecarboxaldehyde can be prepared in accordance with the types of 
10 procedures set forth in Comins et al, Heterocvcles. Vol. 26, p. 2159 (1987). 
Compounds such a 2-mcthy 1-3 -pyridinecarboxaldehyde and 6-methyl-3- 
pyridinecarboxaldehyde can be provided from the corresponding substituted 
nicotinic acids using the types of techniques described in Swern et al, J. Org. 
Chem. . Vol. 31, p. 4226 (1966). Compounds such as 6-chloro-3- 
15 pyridinecarboxaldehyde and 6-bromo-3-pyridinecarboxaldehyde can be prepared 
in accordance with the techniques described by Windscheif et al, Synthesis, p. 87 
(1994). Compounds such as 4-bromo-3 -pyridinecarboxaldehyde can be obtained 
by regiospecific lithiation of nicotinaldehyde followed by lithium/halogen 
exchange as reported by Kelly et al, Tetrahedron Letters. Vol. 34, p. 6173 (1993). 
20 Compounds such as 2-chloro-3-pyridinecarboxaldehyde can be prepared by 
reduction of 2ro)doror3^anopyridine by Raney Nickel and formic, acid as 
reooited jto Vol 66, p. 420 0198J8), <3pmi»]epdsi?uph 

as can be provided by. direct Oj^o metaleftipn 

of 2-bromo pyridine followed b y formylation with N,N-dimethyl formamide as set 



5 carboxaldehydes are provided. 



Compounds such as 4-methyl-3- 



30 ofemj^^ are provided by Dials Alder reaction with 

an appropriate cyclopefltadiene. 
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Altemately, pyridyl 3-carboxaldehydes and pyrimidyl 3- 
carboxaldehydes are converted to their corresponding bis-carbamates using 
techniques which are familiar to those skilled in the art of organic synthesis. 
Then, racemic mixtures of compounds of the present invention are provided by 
Diels Alder reaction with an appropriate cyclohexadiene. 

Compounds of the present invention can be provided as mixtures 
of (+/-)-3-exo and (+/-)-3- endo isomers, and the mixtures can be separated into 
the (+/-)-3-exo fonn and the (+/-)-3- endo form using column chromatography 
techniques. For example, (+/-)-e?co-2-ethyl-3"(3-pyridyl)-2-azabicyclo[2.2.1]hept- 
5-ene is prepared from a mixture of isomers at a yield of 20% using silica gel 
chromatography ( 200-400 mesh ), eluting with 5% of methanol in chloroform 
as eluent, and such isomer has a migration value (Rf) of 0.41 when analyzed by 
thin layer chromatography, using a solvent system of chloroform-methanol 
(90:10,v/v). The corresponding (+/->- endo- isomer is similarly obtained using a 
silica gel chromatography and has Rf=0.62. (+M-3 -Exo- 2-(p-methoxvbenzyl)-3- 
(3-pyridyl)-2-azabicyclo[2.2.1]hept-5-ene is prepared from a mixture of isomers 
at a yield of 14% using silica gel chromatography ( 200-400 mesh ), eluting with 
3% of methanol in chloroform as eluent, and such isomer has Rf=0.48 when 
analyzed by thin layer chromatography, using a solvent system of methanol- 
chloroform (5:95, (v/v). The corresponding (+/-)-endo-isomer is similarly obtained 
using silica gel chromatography and has Rf=0.60. f+/-V3-Exo-2-benzyl-3- 
(3-pyridyl)-2-azabicyclo[2.2. l]hept-5-ene is prepared from a mixture of isomers 
at a yield of 13% using a silica gel chromatography ( 200-400 mesh ), eluting 
with 5% of methanol in chloroform as eluent, and such isomer has RnQ.38 S&£§ 



analyzed by thin layer chromatography, using a solvent system of meth an ol- 
chloroform (5:95, v/v). The corresponding (+/->- endo isomer is similarl Vidl^ ^ar 
using a silica gel c^omatography and has 5^=0-52. (^^fJE^Z^^^^^ 
bmmopyridyl)]4-a^bicycld[2.1.11h6pt-5-ene is prepared firom a mSrare^P 



isomers at a yield of 23% using silica gel chromatography (200-400 mesh, '" s Ib ^L -, 
eluting with acetonitrile in chloroform (1:6. v/v) as eluent, and such isontenhas 
R^=0.41 when analyzed by thin layer chromatography, using a solvent system of 
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methanol-chioroform (1:6, v/v). The corresponding (+/-)- endo isomer is similarly 
obtained using a silica gel chromatography and has R^0.45. 

Racemic mixtures are provided, and the compounds of the present 
invention can be provided as enantiomers via chromatographic separation. 
Enantiomeric resolution of racemic compounds can be achieved by high 
performance liquid chromatography using beta-cyclodextrin bonded silica gel as 
the chiral stationary phase based on the method developed for nicotine and 
nornicotine analogs. See, Armstrong et al, Anal. Chem» VoL 60, p. 2120-2127 
(1988). 

Representative compounds of the present invention are (+/-)-3- 
en^-2-methylO-[3-(6-methylpyridyl)]-2-azabicycIo[2.2. 1 ]hept-5-ene and(+/-)-3- 
e)cg-2-methyl-3-[3-(6-methylpyridyI)]-2-azabicyclo[2.2. l]hept-5-ene which are 
prepared essentially in accordance with the following techniques. Ethyl-6-methyl- 
3-pyridinecarboxylate is prepared essentially in accordance with the techniques 
15 described by E. Leete et al, Phvtochemistrv. Vol.10, p. 2687 ( 1971) to afford 5g 
(83%) of that compound. 6-Methyl-3-pyridinemethylalcohoI is prepared 
essentially in accordance with the techniques described in Nutaitis et al, Org. 
Prep. Proc. Int ., Vol. 24, pp.143-146 (1992) to afford 2.9 g (78%) of that 
compound. Dimethyl sulfoxide (3.50 mL, 44 mmol) is added dropwise at -60°C, 
20 over a period of 5 min., to a solution of oxalyl chloride (2 mL. 22 mmol) in dry 
methylene chloride (50 mL). The reaction mixture is stirred at r60°C for 2 imn., 
then a solution of 6^me!hyl-3-pyndl^ g, ^0-3Z^ol) in dry 



methylene cUodde (5 mL) is added oyer a *JL^ 

solution is stirred for 15 min. at -60°C. friethylam i n e ( I SM.) is added and the 
25 solution ik f^red for 5 additfonal minutes, f o5^^^ y^^^^ ffi^of ^^er 
(10(^^ Tie re^pn nature is ;AJ$|^ . to^^fflffi^^^^^^^^ 
extracted with chlorofwtn ( 4x25 niL) % tKe^^^^^^^^^^^^^^ajp- 

al^f*^^, ^e piJe 



using chloroform-methanol (98:2, v/v) as eluent. A mixture of 6-methyl-3- 
pyridinecarboxaldehyde ( 2.5g, 20.66mmol), methylamine ( 12mL, 2.0 M solution 
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in tetrahydrofuran) and molecular sieves ( 3A, 5.0 g) are stirred for 12 hours 
under a nitrogen atmosphere. The reaction mixture is then filtered through celite. 
Concentration of the resulting solution on a rotary evaporator yields the SchifF 
base, N-[3-(6-methylpyridyIidene)]methylamine T ( 2.6g, 95%) which is used 
5 immediately in the next step without further purification. A solution of N-[3-(6- 
methylpyridylidene)]methylamine (1.8 g, 13.43 mmol) in dry methylene chloride 
( 10 mL, freshly distilled over P 2 0 5 ) is stirred for 30 min. with powdered 3 A 
molecular sieves ( 5g ) under nitrogen. Titanium chloride (1.46 mL, 13.43 mmol) 
then is added, and the resulting mixture stirred for an additional 30 min. The 

10 mixture is cooled to -78°C ( dry ice-acetone bath ) before addition of a solution 
of freshly distilled cyclopentadiene (2.4 mL, 26.9 mmol) in dry methylene 
chloride ( 5 mL ).The reaction mixture is allowed to warm to ambient 
temperature overnight. Chloroform ( 10 mL ) is added to the mixture, and the 
solution is filtered through a bed of Celite. The filtrate is evaporated to dryness 

15 and the resulting residue is dissolved by addition of a 10% aqueous solution of 
sodium hydroxide. The resulting solution is stirred for 10 min. and extracted with 
chloroform ( 4x10 mL ). The extracts are dried over anhydrous K 2 C0 3 filtered, 
and evaporated to give 2.0g of a crude brown syrup which is shown by 'H NMR 
to be a mixture of endo- and exo-isomers ( ratio 65:35, respectively ). For (+/-)- 

20 OTd^-2-methyl-3-[3-(6-methylpyridyl)]-2-azabicyclo[2.2. 1 ]hept-5-ene, R^=0.48, 
and the isomer is obtained by colimflkCtoo}^ 

chloroform (10:90, v/v» ? For (m^^^^A^^h^m-l. 
azabicyclor2.24lh ept-5-ene t R^§2,^and the^isdmer^ is ^tgn ed by column 

to aHethod.forjroviding .prevention 
ier, ^ .for providing 
prticular, the method 
^compound effective for 



25 



chromatography (solvent system: 

The present invention. 
of a CNS disorder to a r 
treatment to a subject suffer 



com] 



S 



to a 



_an, 



providing some degree of ^ e vffifloff ^ the CNS disorder (i.e., 

e symptoms of the CNS disorder, 
and amelioration of the reoccurrence of life CNS disorder. The method involves 
administering an effective amount of a compound selected from the general 
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formulae which are set forth hereinbefore. The present invention relates to a 
pharmaceutical composition incorporating a compound selected from the general 
formulae which are set forth hereinbefore. The majority of the compounds have 
either an endo or exo isomeric form. The compounds can be employed as racemic 
5 mixtures or as enantiomers. The compounds can be employed in a free base 
form or in a salt form (e.g., as pharmaceutical^ acceptable salts, such as chloride, 
perchlorate, ascorbate, sulfate, tartrate, fiimarate, citrate, malate, lactate or 
aspartate salts). CNS disorders which can be treated in accordance with the 
present invention include presenile dementia (early onset Alzheimer's disease), 
10 senile dementia (dementia of the Alzheimer's type). Parkinsonism including 
Parkinson's disease, Huntington's chorea, tardive dyskinesia, hyperkinesia, mania, 
attention deficit disorder, anxiety, dyslexia, schizophrenia and Tourette's 
syndrome. 

The pharmaceutical composition also can include various other 
15 components as additives or adjuncts. Exemplary pharmaceutically acceptable 
components or adjuncts which are employed in relevant circumstances include 
antioxidants, free radical scavenging agents, peptides, growth factors, antibiotics, 
bacteriostatic agents, immunosuppressives, buffering agents, anti-inflammatory 
agents, anti-pyretics, time release binders, anaesthetics, steroids and 
20 corticosteroids. Such components can provide additional therapeutic benefit, act 
to affect the therapeutic action of the pharmaceutical composition, or act towards 
p re^ effects which may be posed as a result of 

auj^ composition. In certain circums^c^es^ a 

c ombbm c^f can be employed as part of a pharmaceutical 

25 cqmpi^ ^ intended to prevent or treat a particular CNS 

disorders As compositions can be formulated to provide 



i tile compounds are administered can vary. 
The 'compounds cffl B^ c hniffi s^ by inhalation (e.g., in the form of an aerosol 
30 : eiflg^ articles of the type set forth in U.S. Patent No. 

4.922,901 to Brooks et al.); topically (e.g., in lotion form); rally (e.g., in liquid 
form within a solvent such as an aqueous or non-aqueous liquid, or within a solid 
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carrier); intravenously (e.g., within a dextrose or saline solution); as an infusion 
or injection (e.g.. as a suspension or as an emulsion in a pharmaceutical^ 
acceptable liquid or mixture of liquids); or transdermally (e.g., using a 
transdermal patch). Although it is possible to administer the compounds in the 
5 form of a bulk active chemical, it is preferred to present each compound in the 
form of a pharmaceutical composition or formulation for efficient and effective 
administration. Exemplary methods for administering such compounds will be 
apparent to the skilled artisan. For example, the compounds can be administered 
in the form of a tablet, a hard gelatin capsule or as a time release capsule. As 
10 another example, the compounds can be delivered transdermally using the types 
of patch technologies available from Ciba-Geigy Corporation and Alza 
Corporation. The administration of the pharmaceutical compositions of the 
present invention can be intermittent, or at a gradual, continuous, constant or 
controlled rate to a warm-blooded animal, such as a human being. In addition, 
15 the time of day and the number of times per day that the pharmaceutical 
formulation is administered can vary. Administration preferably is such that the 
active ingredients of the pharmaceutical formulation interact with receptor sites 
within the body of the subject that affect the functioning of the CNS. 

The dose of the compound is that amount effective to prevent 
occurrence of the symptoms of the disorder or to treat some symptoms of the 
disorder from which the patient suffers. By 'effective amount', 'therapeutic 
anlmnf or 'effective dose' is meant that amount sufficient to elicit the desired 



20 



^"Etment of the disorder. Thus, an effective amount of compound is an amount 
i pass across the blood-brain barrier of the subject, to bind to relevant 
sites in the brain of the subject, and to elicit neuropharmacolorical 
elicit neurotransmitter secretion, thiiis resulting in ^effective 

the onset of the symptoms of the dtsoraer. Treatment of the disorder 




d by a decrease in the symptoms associated with the disorder or an 
amelioration of the reoccurrence of the symptoms of the disorder. 
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The effective dose can vary, depending upon factors such as the 



condition of the patient, the severity of the symptoms of the disorder, and the 
manner in which the pharmaceutical composition is administered. For human 
patients, the effective dose of typical compounds generally requires administering 
5 the compound in an amount of at least about 1, often at least about 10, and 
frequently at least about 25 mg / 24 hr. / patient. For human patients, the 
effective dose of typical compounds requires administering the compound which 
generally does not exceed about 500, often does not exceed about 400, and 
frequently does not exceed about 300 mg / 24 hr. / patient. In addition, 
10 administration of the effective dose is such that the concentration of the 
compound within the plasma of the patient normally does not exceed 500 ng/ml, 
and frequently does not exceed 100 ng/ml. 



invention have the ability to pass across the blood-brain barrier of the patient. 

15 As such, such compounds have the ability to enter the central nervous system of 
the patient. The log P values of typical compounds useful in carrying out the 
present invention generally are greater than 0, often are greater than about 1, and 
frequently are greater than about 1.5. The log P values of such typical 
compounds generally are less than about 4, often are less than about 3.5, and 

20 frequently are less than about 3. Log P values provide a measure of the ability 
of a compound to pass across a diffusion barrier, such as a biological .membrane. 



about 10 uM, often are less than about 7 uM, and frequently are less than about 
2 uM. Receptor binding constants provide a measure of the ability of the 



The compounds useful according to the method of the present 




See, Hansch, et aL J. 'J^JO^ Vol. 11, p. 1 (1?68). 
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compound to bind to half of the relevant receptor sites of certain brain cells of 
the patient See. Cheng, et al„ Biochem. Pharmacol.. Vol. 22, 
pp. 3099-3108 (1973). 

The compounds useful according to the method of the present 
5 invention have the ability to demonstrate a nicotinic function by effectively 
eliciting neurotransmitter secretion from nerve ending preparations (i.e., 
synaptosomes). As such, such compounds have the ability to cause relevant 
neurons to release or secrete acetylcholine, dopamine, and other 
neurotransmitters. Generally, certain compounds useful in carrying out the 
10 present invention provide for the secretion of dopamine in amounts of at least 
about 10 percent, often at least about 20 percent, and frequently at least about 30 
percent, of that elicited by an equal molar amount of S(-) nicotine. 

The compounds of the present invention, when employed in 
effective amounts in accordance with the method of the present invention, lack 
15 the ability to elicit activation of nicotinic receptors of human muscle to any 
significant degree. In that regard, the compounds of the present invention 
demonstrate poor ability to cause isotopic rubidium ion flux through nicotinic 
receptors in cell preparations derived from muscle preparations. Generally, 
preferred compounds useful in carrying the present invention activate isotopic 
20 rubidium ion flux by less than 15 percent, often by less than 10 percent, and 
frequently by less than 5 percent, of that elicited by. an equal molar^amount of 
(SH-Vnicotine. 



loyMin 
tiorL are 



Scant 



The compounds of the presen t invention, when ce] 

• •• ..-v..- ■■•**. -v-wwysjpr ' — 

effective amounts in accordance with the method of Jhe^present^in 1 
25 selective to certain relevant nicotinic receptors, Jartldo 
activation of receptors associated wiffi undesi 
that a particular dose of compound resulting 

_ . .. 

er, is esse: 



ganghonic-type nicotinic receptors. This 
30 present invention against those receptors re 

effects is demonstrated by a lack of the ability f those compounds to activate 
nicotinic function of adrenal chromaffin tissue. As such, such compounds have 
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poor ability to cause isotopic rubidium ion flux through nicotinic receptors in 
cell preparations derived from the adrenal gland. Generally, preferred compounds 
useful in carrying the present invention activate isotopic rubidium ion flux by less 
than 15 percent, often by less than 10 percent, and frequently by less than 5 
5 percent, of that elicited by an equal molar amount of (S)-(-)-nicotine. 

Compounds of the present invention, when employed in effective 
amounts in accordance with the method of the present invention, are effective 
towards providing some degree of prevention of the progression of CNS 
disorders, amelioration of the symptoms of CNS disorders, and amelioration to 

10 some degree of the reoccurrence of CNS disorders. However, such effective 
amounts of those compounds are not sufficient to elicit any appreciable side 
effects, as demonstrated by increased effects relating to the cardiovascular system, 
and effects to skeletal muscle. As such, administration of compounds of the 
present invention provides a therapeutic window in which treatment of certain 

15 CNS disorders is provided, and side effects are avoided. That is, an effective 
dose of a compound of the present invention is sufficient to provide the desired 
effects upon the CNS, but is insufficient (i.e., is not at a high enough level) to 
provide undesirable side effects. Preferably, effective administration of a 
compound of the present invention resulting in treatment of CNS disorders 

20 occurs upon administration of less than 1/5, often less than 1/10, and even less 
than 1/100, that amount sufficient to cause any side .effects to a significant 

The following Example is provided in drder to further illustrate 

as limiting the 



various embodiments of the invention but should not.be co; 



25 scppe thereof Unless qtkerwisenoj 



andLpercentages are by weight. 



azabicyclo[2.2.2]oct«5-ene fui 
with4he4ollowing* 




fi 3-(3.-;pyri(iyl)-2- 
gssentially in accordance 
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N-N'-carboethoxv-G-DvridvlVdiaminomethane (ft 

This compound was prepared as reported by P.Quan et al., J. Org. Chem. . Vol. 
30, pp. 269 (1965) and afforded lOg (55%) of compound (I). Mp= 163M65°C. 
f+M-Endo and f+/-)-exo 3-G-PvridvlV2-carboethoxv>2-azabicvclor2.2.21oct-5- 
5 eneJll. 

A solution of compound (I) (4.0g , 14.8 mmole), 1,3-cyclohexadiene (1.48 mL, 
16.28 mmole), and boron trifluoride acetic acid complex (16.8mL, 12L65mmole) 
in glacial acetic acid (30 mL) was heated for 3 hours at 70°C. A solution of 40% 
(w/v) of NaOH in water was added to the reaction mixture, which was then 

10 extracted with chloroform (4x25 mL). The combined extracts were dried over 
anhydrous K 2 C0 3 , filtered and concentrated on a rotary evaporator. The resulting 
thick syrup was purified by column chromatography over silica gel (200-400 
mesh ) using acetonitrile in chloroform (1:7, v/v) as eluant and afforded 2.60 g 
( 67%) of a mixture of (+/-)-endo and (+/-)-exo isomers (ratio 60:40, 

15 respectively). This mixture was used in the next step without separation of the 
isomers. 

'H NMR of the mixture (CDC1 3 ): 8 8.44 (m, 2 H), 7.46 (m, 1H), 7.21 (m, 1H), 
6.36 and 6.22 (2x m, 1H), 5.62 and 5.49 (2xm, 1H), 4.1 and 3.96 ( 2xm, 2H), 
2.76, 2.62 and 2.55 (3xm, 3H), 2.42 and 2.35 (2xm, 1H), 2.08 and 1.86 (2xm, 
20 1H), 1.5 (m, 1H), 1.47 (m, 1H), 1.24, 0.92 and 0.84 (3xt, 3H). 

(+/-VEndo- and WQ-exo-3-(3^ ffllV 
Compound 1^**); 0 -5g; 58.13 irimol) was 

disK^y^dT^f^ in absolute ethanol (20 mL) and the 

mixture refluxed 2^^^. The organic solvent was then evaporated on a 
25 rotalry ev^^^^^^^^^^^ii^iaMC residue was adjusted to 9 by addition of 
a sdlja^^^ mlktiite was extracted with ethyl 

ac$ft^^ were (hied over anhydrous K 2 C0 3 , 

rai^i^ the Mick syrup obtained Was 

dit^ Bbtii (+/-)- endo and (+/-)- ejo 




»rm by silica gel chromatography by eluting 
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f4-/-VEndo-3-f3>pvridvlV2-a2abicvclor2.2.21oct-S-ene (IVV 
Compound (IV) with a value of 0.6 (solvent system chloroformrmethanol (9:1, 
v/v)) was isolated from silica gel column chromatography to afforded 520mg 
(48%) of pure (+/-)- endo-isomer. 
5 'H NMR ( CDC1 3 ): 5 8.52 (d, IH), 8.41-8.32 (m. IH), 7.70-7.60 (m, IH), 7.20- 
7.10 (m, IH), 6.01-5.90 (m, 1H), 5.60-5.50 (m, IH), 4.10 (s, IH), 3.62 (t, 1H), 
2.80 (br s, 1H NH). 2.50-2.36 (m, 1H), 2.33-2.28 (m, IH), 2.20-2.12 (m, 1H), 
2.02-1.92 (m, IH), 1.70 (d, IH). 

(+/-)-Endo-3-f3-pyridvn-2-azabicvclor2.2.21oct-5-ene fiimaratefVl 
10 To a solution of compound (IV) (lOOmg, 0.537mmol) in absolute ethanol (5 mL) 
was added fumaric acid (124mg, 1.068 mmol). The resulting suspension was 
sonicated until complete dissolution occured. The solvent was removed on a 
rotary evaporator to afford a colorless syrup which was crystallized from absolute 
ethanol to yield 179mg (79%) of compound (V). Mp=165M67°C. 
15 'H NMR (D20 + TSP): 8 8.75 (s ? 1H), 8.69 (d, IH), 8.38 (m, 1H), 7.30 (mlH), 
6.68 (s, 4H), 5.56 (s, 2H), 4.92 (s, IH), 4.32 (m, IH), 3.12 (s, IH), 2.72-2.12 (m, 
IH), 2.50-2.38 (m ? 2H), 2.30 (d, IH) 



Sample No. 2 is (+/-)-e5(o-3-(3-pyridyl)-2-azabicyclo[2.2.2Joct-5- 
ene fumarate which is prepared essentially in accordance with the following 
20 techniques. 

i*#iB^ mi. 

he (4^/4- excnisomer 1^=0:45 ( solvent system; cMoroform:methanol (9:1, v/v)) 
TsisoI^^^Ser column chromatography of the crude endo-exo mixture (III) over 
200-400 mesh) to afiford 330mg (30%) of the isomerically pure 

): 8 8.58 (s, IH), 8.42 (m, IH), 7:K-7.f| ^ v lH), 7.26r7.15 (jn, 




fa tlfr 5.48-5.3$ (m/1^ i.H (d, 

TW:i«bO (m. 3H), l.^Mtmft^; 
^yridvn-2-a2abicvclor2.2.2loct-5-erie famarate fVIH 



solution of compound (VI) (100mg,0.537mmol) in absolute ethanol (5 mL) 
was added fumaric acid (124mg,1.068.mmol). The resulting suspension was 
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sonicated until complete dissolution occured. The solvent was removed on a 
rotary evaporator to give a colorless syrup which was crystallized from absolute 
ethanol to yield 165mg ( 74%) of compound (VII). Mp=I67°-169° C. 
"H NMR (D 2 O & TSP): 8 9.00-8.50 (brs, 2H), 8.14-8.08 (dd, 1H), 7.70 (brs, 
1H), 6.60 (s, 2H), 6.00-5.88 (m, 2H), 4.80 (s, 1H), 4.20 (t, 1H), 3.00-2.95 (m, 
1H), 2.62-2.45 (dd, 1H), 2.40-2.21 (m, 2H), 2.20-2.16 (d, 1H). 




t 



25 



Sample No. 3 is (+/-)-endo-2-methyl-3-(3-pyridyl)-2- 
azabicyclo[2.2.2]oct-5-ene fumarate which is prepared essentially in accordance 
with the following techniques. 
10 (+/-VEndo-2-methvl-3-f3-Dvridvn-2-azabicvclor2.2.21oct-5-ene (VHP. 

Formic acid (5 mL, 95-97 %) and formaldehyde (0.5 mL, 37% in water) were 
added to (+/-)- endo-3-(3-pyridyl)-2-azabicyclo[2.2.2]oct-5-ene (IV) (170 mg,0. 
913mmol) and the mixture refluxed for 24 hours under nitrogen. The reaction 
mixture was cooled to 0°C (ice bath), basified with a 40% (w/v) aqueous solution 
15 of NaOH (pH=9) and extracted with chloroform (4x10 mL). The combined 
extracts were dried over anhydrous K 2 C0 3 , filtered and concentrated. The 
resulting oily residue was distilled under reduced pressure (97°-98° CI 0.4 mm 
Hg) to give 170mg (93%) of (+/-)-rado-2-methyl-3-(3-pyridyl)-2- 
azabicyclo[2.2.2] oct-5-ene (VIII). 
20 ] H NMR (CDC1 3 ): 8 8.60 (d, 1H), 8.50 (dd, IH), 7.80-7.55 (m. 1H), 7.30 7.20 
(m, 1H), 6.02-5.92 (m, 1H), 6.34-6.28 (m, IH), 3.45 (t, 1H), 3.16 (s, lH) t 2,42- 
2.40 (m, 1H), 2.38 (s/3H), 2.30 (m, IH), 2.28-2.12 (m. 3H) t 1.62 (d, 1H). 
W-VEndo-2-methvl^ fumarate OX^. 

To a solution of compound (VIII) (lOOmg. 0.54mmol) in absolute ethanol ( 5 
mL) was added fumaric acid (124mgi, 1:08 mmol), _ 

sonicated until complete dissolution occured. The Myent >vas removed . on Ja 



rotary evaporator to give a colorless syrup which was crystallized from absolute 

ethanol to yield 190mg (85%) of compound (DC). Mp*=l43 -144 D C. 

• »• * • -i ■■■■■ "••.''.■*«:■■■-.-■'-•;'■:' • " ■■ . -t r-t^v *^mfri : <*&*W: fc 'WW 

'H NMR (D20+ TSP): 8 8,70-8. 60 (m. 2H). 8.20-8.12 (n^jH), 7.71-7- 

30 1H), 6.60 (s, 4H), 6.15-6.10 (m. 1H), 5.90-5.82 (m, 1H). 4.32 (s, 1H), 4.11 (t, 

1H), 2.97-2.90 (m, 1H), 2.79 (s. 3H), 2.59-2.40 (m, 2H), 2.38-2.20 (m, 2H). 
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Sample No. 4 is (+/-)-Exo-2-methyl«3-(3-pyridyl)-2- 
azabicyclo[2.2.2]oct-5-ene fumarate which is prepared essentially in accordance 
with the following techniques. 

r+M-Exo^methvl-3-f3-PvridvlV2-a2abicvlor2.2.21oct-5-ene (X). 
5 Formic acid (5 mL, 95-97 %) and formaldehyde (0.5 mL, 37% in water) were 
added to (+/-)-exo 3-(3-pyridyl)-2-azabicyclo[2.2.2]oct-5-ene (VI) (150 mg, 
0.75mmol) and the mixture refluxed for 24 hours under nitrogen. The reaction 
mixture was cooled to 0°C (ice bath), basified with a 40% (w/v) aqueous solution 
of NaOH ( pH= 9 ) and extracted with chloroform (4x10 mL). The combined 
10 extracts were dried over anhydrous K 2 C0 3 , filtered and concentrated. The 
resulting oily residue was distilled under reduced pressure (107°-108°C/ 0.4 mm 
Hg) to give 145mg (97%) of (4^/-)-exo-2-methyl-3-(3-pyridyl>2-azabicyclo[2.2.2] 
oct-5-ene (X). 

(•f/-VExo-2-methvl-3-(3-pvridvn-2-azabicvlor2.2.21oct-5-ene fumarate (XH. 
15 To a solution of compound (X) (50mg, 0.25mmol) in absolute ethanol (5 mL) 
was added fumaric acid (62mg, 0.5 mmol). The resulting suspension was 
sonicated until complete dissolution occured. The solvent was removed on a 
rotary evaporator to afford a colorless syrup which was crystallized from absolute 
ethanol to yield 80mg ( 74%) of compound (XI). Mp=147°-148°C. 
20 »H NMR (D20+ TSP): 5 8.67-8.65 (d, 1H), 8.56 (s, 1H), 8.11-8.02 (dd, 1H), 
7.87-7.69 (m, 1H), 6.62 (s, 4H), 6.20-6.00 (m, 2H), 4.90-4.82 (d, r 1H), 4*08*3;98 
(t, 1H), 2.90 (m, 2H), 2.60-2.50 (m, 1H), 2.40-2.20 imMl^M^M^ 



Sample No. 5 is (+/-)-3-(3-pyridyl)-2-az^^ 

■■■*•■<• * ' " v & v ^HBWBir 1-11 1 1 111 1 1 "■ 1 

fumarate which was prepared essentially in accordance 
25 t3»|SgiQue^ 

W-V^f3^dvft-2-caifo 
A Glutton 'of' me f+M-endo and (+/- 



carboethoxy-2-azabicyclo[2 2.2]bct-5-ene. compound 
in gjacud acetic acid (O.SmL) and [ Pd/C (10 J%) 
30 atmosphere in a Parr apparatus for 2 hours. The catalyst was removed by 
Alteration over a bed of Celite and the filterate was basified by addition of a 
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solution of 40% of NaOH in water. The aqueous basic solution was extracted 
with dichloromethane (4x20 mL) to give 740 mg (98%) of compound (XII). 
'H NMR (CDC1 3 ): 8 8.48 (m, 2H), 7.60 (m. 2H), 4.78 and 4.67 (m ? lH), 4.30 (m, 
1H), 4.13 and 4.10 (q, 2H), 2.19 (m, 2H), 1.90 (m, 3H), 1.63 (m ? 4H,), 1.28 and 
5 0.90 (t, 3H). 

f+/-V3-f3-Pvridvn-2-azabicvclor2.2.21octane OPTO . 

(+/-)-3-(3-pyridyl)-2-carboethoxy-2-azabicycIo[2.2.2]octane (XII) (500 mg, 1.92 
mmol) was dissolved in a solution of 20% (w/v) NaOH in absolute ethanol (10 
mL) and refluxed for 24 h. The organic solvent was evaporated on a rotary 

10 evaporator. The pH of the basic residue was adjusted to 9 by addition of a 
solution of 2N HC1 in water and was extracted with ethyl acetate (4x10 mL). 
The organic extracts were dried over anhydrous K 2 C0 3 and concentrated. The 
resulting oily residue was purified by distillation under reduced pressure (108°- 
110° C / 0.4 mm Hg) to afford 300mg (83%) of compound (XIII). 

15 'H NMR (CDC1 3 ): 8 8.62-8.61 (d, 1H) 5 8.44-8.41 (m, 1H), 7.80-7.72 <m, 1H), 
7.24-7.21 (m, 1H), 4.30 (s, 1H), 3.71-3.63 (m, 1H), 2.20 (m, 1H), 2.0-1.51 (m, 
8H), 1.42 (d, 1H). 

f+/-V3-(3-PvridvlV2-azabicvclor2.2.21octane fumarate (XI VV 
To a solution of compound (XIII) (100mg,0. 531 mmol) in absolute ethanol (5 mL) 
20 was added fumaric acid (124mg, 1.062mmol). The resulting suspension was 
sonicated until complete dissolution occurred. The solvent was removed on 
rotary evaporator to give a colorless ^ from absolute 

" 18Q 9 C (decomposition). 

(s, 1H), 6.70 (s,2H), 
25 5.08 (s, 1H), 4.21 (s, 110, 3:W(s3WJMK(mJE),M2-i*60 (m, 8H). 



30 



ethanol to yield 

; t ie '4- • 

'HNMR(D 2 0 



azat)icyclo|2.2:2]ogtane 




3-(3-pyridyl)-2- 
essentially in accordance 



with me following techniques. 

F nnic acid (5 mL, 95-97 %) and foraiaJdehyde (0.5 mL, 37 %) were added to 
3-(3-pyridyl)-2-azabicylo[2.2.2]octane (XIII) (170 mg) and refluxed for 24 hours 
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under N 2 . The reaction mixture was cooled to 0"C (ice bath), basified by addition 
of a solution of 40 % w/v NaOH in water (pH=9) and extracted with chloroform 
(4x10 mL). The combined extracts were dried over anhydrous K,C0 3 , filtered 
and concentrated. The resulting oil was purified by distillation under reduced 
5 pressure (116 o -118°C/0.4 mm Hg) to give 160mg (88%) of (+/-)-2-methyl-3-(3- 
pyridyl)-2-azabicylo[2.2.2]octane (XV). 

'HNMR (CDC1 3 ):8 8.85 (s, 1H), 8.80-8.10 (d. 1H), 7.78-7.71 (m, 1H), 7.23-7.20 
(m, 1H),4.70 (s, 1H), 3.60 (s. 1H), 2.5 (s, 3H), 2.25 (s, 1H), 2.20-1.95 (m, 2H), 
1.80-1.69 (m, 3H), 1.50-1.42 (m, 3H). 

10 r+/-^2-Methvl-3-(3-pvridvn-2-azabicvlor2.2.21octane fumarate OCVI1 

To a solution of compound (XV) (120mg, 0.495mmol) in absolute ethanol (5 
mL) was added fumaric acid (138mg, 1.18 mmol). The resulting suspension was 
sonicated until complete dissolution occurred. The solvent was removed on a 
rotary evaporator to give a colorless syrup which was crystallized from absolute 

15 ethanol to yield 190mg (88%) of compound (XVI). Mp=142°-143°C. 

'H NMR (D 2 0 + TSP): 8 8.71 (s, 1H), 8.64-8.62 (m, 1H), 8.30-8.22 (d, 1H), 
7.79-7.72 (m, 1H), 6.60 (s, 3H), 4.58 (s, 1H), 3.90 (s, 1H), 2.90 (s, 3H), 2.80(s, 
1H), 2.46-2.38 (m, 1H), 2.10-1.95 (d, 2H), 1.92-1.62 (m, 5H). 



Sample No. 7 is (+/-)-endo-2-ethyl-3-(3-pyridyt)-2- 
20 azabicyclo[2.2.1]hept-5rene which is prepared essentially in accordance with the 



^^^oxaWehyde (lg, 9.3 mmol) and ethylamme (661mg, 
stirred at room temperature for 18L The 

the solvent was evaporated to aff9rd j^-(3- 
5g (92%). which was used inuBediately 




30 (m, 1H), 



1H). 8.28 (s f lH), 8.10 (m, 1H), 7.4-7.3 
3H). 



t 
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(+A)-Endo-2-ethvl- 3-(3-nvridvn-2-azabicvclor2.2. 1 1hept-5-ene ( XVTIIY 
A solution of N-(3-pyridylidene)-ethylamine (XVII) (lg, 7.46 mmol) iir diy 
methylene chloride (10 mL, freshly distilled over P 2 0 5 ) was stirred for 30 min. 
with powdered 4A molecular sieves (5g) under nitrogen. Titanium chloride (0.82 
mL,7.46 mmol) was then added, and the resulting mixture stirred for an 
additional 30 min. The mixture was cooled to -78°C (dry ice-acetone bath) before 
addition of a solution of freshly distilled cyclopentadiene (1.35 mL, 14.92 
mmole) in dry methylene chloride (5 mL). The reaction mixture was allowed to 
warm to ambient temperature overnight. Chloroform (10 mL) was added to the 
mixture, and the solution was filtered through a bed of Celite. The filterate was 
evaporated to dryness and the resulting residue was dissolved by addition of a 
10% (w/v) aqueous solution of sodium hydroxide. The resulting solution was 
stirred for 10 min. and extracted with chloroform (4x10 mL). The extracts were 
dried over anhydrous K 2 C0 3 filtered, and evaporated to give 1.04g of a crude 
15 brown syrup which was shown by 'H NMR to be a mixture of endo- and exo- 
isomers (ratio 70:30. respectively). The pure <+/-)-endo-isomer R^=0.62 (solvent 
system: chloroform-methanol (90:10, v/v)) (700mg, 47%) was obtained by 
column chromatography of the mixture over silica (200-400 mesh) using 5% of 
methanol in chloroform as eluent. 

'H NMR (CDC1 3 ) : 8 8.72 (d,lH), 8.78-8.62 (dd, 1H), 7.88-7.82 (m, 1H), 7.28- 
7.20 (m, 1H), 6.56-6.50 (nu IH). 6.22-5.96 (m. 1H), 4.01 (d. 1H),.2.78 (s, 1H), 
2:^m,2»49 (m, 1H), 2.46-2.92 (m, 1H), 1.704.64 (d, 1H), 1.62-1.58 
3H). 

OT£) :8 149.3, 147.9, 141.3, 137^1. 135.2, 133.4. 123.6, 65.6,64.5, 



20 





.2, 14.4. 



jJgSg p! e No. 8 is ' <*>q^2-(jMi$j^ 

iept-5-ene which is prepared essentially in accordance with the 
echnicjues. 

tie Schiff base (XX) was obtained as described for the preparati n of compound 
(XVII) using p-methoxybenzylamine (2.56g. 18.69 mmol) in place of ethylamine 
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and afforded 3.14g ( 95%) of the desired compound, which was used immediately 
in the next step without further purification. 

'H NMR ( CDC1 3 ) 8 9.2 ( s, 1H), 8.98 ( d, 1H), 8.62 ( s, 1H), 8.40 ( d, 1H), 
7.63-7.50 ( m, 2H), 7.22-7.18 ( d, 2H), 5.08 (s, 1H), 4.02 ( s, 3H). 
5 r+/-vEndo-2H>*nethoxvb enzvlO-^ (XXIV 
A solution of N-(3-pyridylidene)-p-methoxybenzylamine (XX) (L7g, 7.52 mmol) 
in dry methylene chloride (10 mL, freshly distilled over P 2 O s ) was stirred for 30 
min. with powdered 3A molecular sieves (5g) under nitrogen. Titanium chloride 
(0.82 mL,7.50 mmol) was then added, and the resulting mixture stirred for an 

10 additional 30 min. The mixture was cooled to -78°C (dry ice-acetone bath) 
before addition of a solution of freshly distilled cyclopentadiene (1.35 mL, 14.85 
mmole) in dry methylene chloride (5 mL). The reaction mixture was allowed to 
warm to ambient temperature overnight. Chloroform (10 mL) was added to the 
mixture, and the solution was filtered through a bed of Celite. The filterate was 

15 evaporated to dryness and the resulting residue was dissolved by addition of a 
10% aqueous solution of sodium hydroxide. The resulting solution was stirred 
for 10 min. and extracted with chloroform (4x10 mL). The extracts were dried 
over anhydrous K 2 C0 3 filtered, and evaporated to give 1.9g of a crude brown 
syrup which was shown by 'H NMR to be a mixture of endo-and exo-isomers 

20 (ratio 75:25, respectively). The pure <+/-^endo r isomer Rf=0.60 (solvent system: 
chloroform-methanol; 95:5 (v/v)) (900mg, 41%) was obtained by silica gel 
chromatography (200-400 mesh) using 2% of methanol in chloroform as eluent. 
'HiilR (CDCI3) : 8 8.75 (d, 1H), 8.44-8.40 (dd, 1H), 7.86-7,80 (m, 1H), 7.26KL 
2H), 7.22-7.16 (in, 1H). 6.80 (d. 2H), 6.62-6.56 (m, 1H), 6.24-6.18 (m, 1H), 3£2 

25 (d, 3.64 (s. 2H>; 3^46 (d. 1H). 3.30 (d. 1H), 2.84 (s, lH), 2.78 <s, 1H), 1^3 ^ ' *\ * ^ 




(f ff). 1.23 (d. M), . , 

"CfoMR (CDCI 3 ) : 8 158.2, 149.1. 147.2, 139.1. 137.0. 135.0, 132.2, 131.2, 130, 



•£:« 



12278, 113.2, 64:82, tiHPlir 57»OS3fc "ft* 141 



9 is ( + /-)-fia^-2-ben2y^ 



Sample No 

30 azabicyclo[2.2.1]hept-5-ene which is prepared essentially in accordance with the 
following techniques. 
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N-n-pvridvlideneVbenzvlamine (XXIID. 

The procedure described for die preparation of compound (XVII) was used, 
replacing p-methoxybenzylamine with benzylamine, to obtain 3.26g (98%) of N- 
(3-pyridylidene)-benzylamine (XXIII). 

w-vEndo-2-benzvl-3-f3-pvridvlV2-azabicvclor2.2.nhept-5-ene rXXIV) 
A solution of N-(3-pyridylidene)-benzylamine (XXIII) (l.Og, 5.1 mmol) in dry 
methylene chloride (10 mL, freshly distilled over P 2 0 5 ) was strirred for 30 min. 
with powdered 3A molecular sieves (5g) under nitrogen. Titanium chloride (0.56 
mL, 5.1 mmol) was then added, and the resulting mixture stirred for an additional 
30 min. The mixture was cooled to -78°C (dry ice-acetone bath) before addition 
of a solution of freshly distilled cyclopentadiene (0.93 mL, 10.2 mmole) in dry 
methylene chloride (5 mL). The reaction mixture was allowed to warm to 
ambient temperature overnight. Chloroform (10 mL) was added to the mixture, 
and the solution was filtered through a bed of Celite. The filterate was 
15 evaporated to dryness and the resulting residue was dissolved by addition of a 
10% (w/v) aqueous solution of sodium hydroxide. The resulting solution was 
stirred for 10 min. and extracted with chloroform (4x10 mL). The extracts were 
dried over anhydrous K 2 C0 3 filtered, and evaporated to give 840mg of a crude 
brown syrup which was shown by 'H NMR to be a mixture of endo- and exo- 
isomers ( ratio 70:30, respectively ). The pure solid (+/->endo-isomer RrO.52 ( 
solvent system: chloroform-methanol (90:10. v/v) (520mg, ,39,%) was.obtained by 
silica gel chromatggt^phy (200^00 mesh) using 5% ots^^ ^^ ^^^^g^ 
as eliwnt.K^9 b -50°C. 

'H NMR 8 8.72 (s,lH), 8.48-8.42 (dd, IH), 7,92-7.84 (x ^ MJlM z 



20 



25 6H), 6.65 (t, IH), 6,80-6.22 (m, IH), 3.88 (s. IH), 3,5j$£ 



Simple No. I6 V 



a2Mbicyclo[2.2.1]hepto-ene which ts ph 



is (+M-ei 
prepared essent 
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N-f3-Pvridvlidenetoethvlamine (XXVR 

A mixture of 3-pyridinecarboxaldehyde (2.0 g, 18.6 mmol), methylamine (12 mL, 
2.0 M solution in THF) and molecular sieves (3A, 5.0 g) were stirred for 12 
hours under a nitrogen atmosphere. The reaction mixture was then filtered 
5 through celite. Concentration of the resulting solution on a rotary evaporator 
yielded the Schiff base XXVI (2.01 g, 90%) which was used immediately in the 
next step without further purification. 

■H NMR ( CDC1 3 ): 8 8.82 (s, 1H), 8.61 (d, 1H), 8.30 (s, 1H), 7.38-7.24 (m, 1H), 
3.56 (s, 3H). 

10 l3 C NMR (CDC1 3 ): 8 159.5, 151.2, 149.8, 134.2, 131.9, 123.5, 48.3. 
w>vEndo-2-methvl-3-G-Pvridvn-2-azabicvclor2.2. llhept-5-ene (XXVIIY 
A solution of N-(3-pyridylidene)-methylamine (XXVI) (2.0g, 16.66 mmol) in dry 
methylene chloride (10 mL, freshly distilled over P 2 O s ) was stirred for 30 min. 
with powdered 3 A molecular sieves (5g) under nitrogen. Titanium chloride (1.82 

15 mL, 16.6 mmol) was then added, and the resulting mixture stirred for an 
additiona 30 min. The mixture was cooled to -78°C (dry ice-acetone bath) before 
addition of a solution of freshly distilled cyclopentadiene (3.03 mL, 33.33 
mmole) in dry methylene chloride (5 mL). The reaction mixture was allowed to 
warm to ambient temperature overnight Chloroform (10 mL) was added to the 

20 mixture, and the solution was filtered through a bed of Celite. The filterate was 
evaporated to dryness and the resulting; residue was ..dissolved by addition of a 
10% (w/y) aguepus solution of sodium ^ was 

di^ed pf a crude 

25 ym ?howii by ej^- 

'H^^ 1H), 7.26- 

30 7.20 (m, UIX^ (s, 1H), 

2.64 (s, 1H), 2.42 (s, 3H), 1.76-1.70 (d, 1H), 1.40-1.34 (d, 1H) 
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Sample No. 11 is <+/-)-exo-2-methyl-3-(3-pyridyl)-2- 
azabicycIo[2.2.1]hept-5-ene which is prepared essentially in accordance with the 
following techniques. 

W-vExo-2-methvI-3-f3-p vrirfYl)-?-«^ bicvclor2.2. 1 lhept-5-ene ( XXVIIIV 

The (+/-)-exo-isomer 650 mg (21%) R^=0.42 (solvent system: methanol-chloroform 

(10:90, v/v)) was obtained by column chromatography of the isomeric mixture 

over silica (200-400 mesh) using 5% of methanol in chloroform as eluent. 

'H NMR (CDCI3): 8 8.50 (d, 1H), 8.83-8.00 (dd, 1H), 7.62-7.58 (m, 1H), 7.40- 

7.21 (m, 1H), 6.58-6.50 (m, 1H), 5.60-5.42 (m, 1H), 3.65 (s, 1H), 3.58 (d, 1H), 

3.25 (t, 1H), 2.52 (s, 3H), 2.22 (d, IH), 1.65 (d, 1H). 



Sample No. 12 is (+/->endo-2-methyl-3-[3-(5-bromopyridyl)]-2- 
azabicyclo[2.2.1]hept-5-ene which is prepared essentially in accordance with the 
following techniques. 

Ethvl-5-bromo-3-pvridinecarboxvlate (XXXV). 
15 This compound was prepared essentially in accordance with the techniques 
described by Nutaitis et al, Org. Prep. Proc. Int .. Vol. 24, pp. 143-146 (1992) 
and afforded 9.6g ( 85%) of compound (XXXV). 
5-Bromo-3-pvridinemethvlalcohol fXXXVD. 

This compound was prepared essentially as described by Nutaitis et al, Org. 
20 Prep. P !^^ ^' 24 > PP- 143 - 146 ( 19 92) et al, and afforded 3 g (73%) of 





over a period of 5 

WWmS^ MS^i (1.45 mL, l6 f Mrngl) in dry mlthyiene 
reaction mixture was stirred -at for 2 min., *heh a 
brnt#lilcohol (3 g, 15.9 fiimdl) hi dry methylene 



ingsiSIiftidn 



M ffiites, followed by WMtt'ft^ (iOO&L). 
ie^rea^on mixture was all wed to warm to room temperature and extracted 
with chloroform ( 4x25 mL). The organic extracts were dried over anhydrous 
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NajSO^ filtered and evaporated on a rotary evaporator to give 3 g of a thick 
syrup. The pure compound (XXXVII) (2.5g, 84%) was obtained after column 
chromatography over silica gel (200-400 mesh) using chloroform-methanol (98:2, 
v/v) as eluent 

5 *H NMR ( CDC1 3 ): 8 10.00 (s, 1H), 8.92 (s, 1H), 8.82 (s, 1H), 8.22 (s, 1H). 
13 C NMR (CDCI3): 8 189.1, 155.4, 149.0, 138.2, 132.0, 122.3. 
N-S-^-fS-BromoDvridvIidene^methvlamine (XXXVIIH. 
A mixture of 5-bromo-3-pyridinecarboxaldehyde (0.5g, 2.69mmol), methylamine 
(6mL, 2.0 M solution in THF) and molecular sieves (3A, 3.0 g) were stirred for 
10 12 hours under a nitrogen atmosphere. The reaction mixture was then filtered 
through celite. Concentration of the resulting solution on a rotary evaporator 
yielded the SchifFbase XXXVII (508 mg, 95%) which was used immediately in 
the next step without further purification. 

'H NMR (CDCI3 ): S 8.78-8.62 (m, 2H), 8.23 (m, 2H), 3.58 (s, 3H). 
15 f+/-^Endo-2-methvl-3-f3-f5-bromopvridvni-2-a2abicvclor2.2.11heDt-5-ene 
(XXXIX). 

A solution of N-[3-(5-bromopyridylidene)methylamine (XXXVIII) (500 mg, 2.51 
mmol) in dry methylene chloride (5 mL, freshly distilled over P 2 0 5 ) was stirred 
for 30 min. with powdered 3A molecular sieves (3g) under nitrogen. Titanium 
20 chloride (0.28 mL, 2.5 mmol) was then added, and the resulting mixture stirred 
for an additional 30 min. The mixture was cooled to -78°C (dry ice?acetoneJ>ath) 
before addition of a solution of freshly dialled .cycjop^^ 
mmol) in dry meth ylene chl oride (3 mD.The reaction -mixture was allowed .to 
warm to ambient temperature overnight. Chloroform (10 mL) was added to the 

to<^ss^^ 



^ |0% fqueous solution of sodmm T^ig§^^ 
for 10 min. and extracted with chloroform (4x10 mL). The v extracts were, dried 
over anhydrous K*COi filtered, and evaporated to give 0.6 .g of a crude brown 
3J) syrup which was shown by ! H NMR to be a mixture of endo^and exo?isoiners 
(ratio 65:35, respectively). The pure (+Av endo isomer (250 mg. 37%),R^=0.45 
(solvent system: methanol-chloroform (1:6, v/v)) was obtained after column 




WO 96/366 37 



PCT/US96/04536 



-33- 

chromatography over silica gel (200-400 mesh, 60 A) using acetonitrile in 
chloroform (1:6, v/v) as eluent. 

'H NMR (CDCI 3 ): 8 8.49 (d, 1H), 8.15 (d, 1H), 8.70 (t, 1H), 6.50-6.43 (m, 1H), 
6.16-6.11 (m, 1H), 3.81 (s, 1H), 2.70 (s, 1H), 2.54 (s, 1H), 2.14 (s, 3H), 1.61- 
5 1.55 (d, 1H), 1.30-1.25 (d, 1H). 

For comparison purposes, Sample No. C-I was provided. This 
sample is (S)-(-)-nicotine, which has been reported to have demonstrated a 
positive effect towards the treatment of various CNS disorders. 



Determination of binding of compounds to relevant receptor sites 
10 Rats (Sprague-Dawley) were maintained on a 12 hour light/dark 

cycle and were allowed free access to water and food supplied by Wayne Lab 
Blox, Madison, WI. Animals used in the present studies weighed 200 to 250 g. 
Brain membrane preparations were obtained from brain tissue of either males or 
females. 

15 Rats were killed by decapitation following anesthesia with 70% 

C0 2 . Brains were removed and placed on an ice-cold platform. The cerebellum 
was removed and the remaining tissue was placed in 10 volumes (weight: volume) 
of ice-cold buffer (Krebs-Ringers HEPES: NaCl, 118 mM; KCh 4.8 mM; CaCl2, 
2.5 mM; MgS0 4 , 1.2 mM; HEPES, 20 mM; pH to 7.5 with NaOH) and 

20 homogenized with a glass-Teflon tissue grinder. The-resirit^^ 
centrifoged at 18,000.x g fear 20 min. and the result^p^ 
20 v olume s of water, Mtei 60 jnin. incubation M,4JC 91 ju 
collected by centrifugation at 18,000 x g for 20 min. After resi 
volumes of buffer, a new gnal peUet was again .^ll^g^J^ p ^ 

25 18,000 x g for 20 min. Pnor to each cenfrifagation. 
incubated at 37 °C for 5 min. to promote hydrolysis^of, 
The final pellet was overiayered with buffer J 
the assay, that pellet was thawed, re ^p ^nded mbuffer and xentrii 
x g for 20 min. The pellet obtained was resu§penaed 

30 concentration of approximately 5 mg protein/ml. Protein was determined by the 
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method of Lowry et al, J. Biol. Chem.. Vol. 193, pp. 265-275 (1951), using 
bovine serum albumin as the standard. 

The binding of L-[ J H]nicotine was measured using a modification 
of the method of Romano et al., Science. Vol. 210, pp. 647-650 (1980) as 
described previously by Marks et al., Mol. Pharmacol Vol. 30, pp. 427-436 
(1986). The L-[^H]mcotine used in all experiments was purified 
chromatographically by the method of Romm, et al., Life ScL Vol. 46, pp. 935- 
943 (1990). The binding of L-[ 3 H]nicotine was measured using a 2 hr. 
incubation at 4 °C. Incubations contained about 500 ug of protein and were 
conducted in 12 mm x 75 mm polypropylene test tubes in a final incubation 
volume of 250 ul. The incubation buffer was Krebs-Ringers HEPES containing 
200 mM TRIS buffer, pH 7.5. The binding reaction was terminated by filtration 
of the protein containing bound ligand onto glass fiber filters (Micro Filtration 
Systems) that had been soaked in buffer containing 0.5 percent 
15 polyethyleneimine. Filtration vacuum was -50 to -100 torr. Each filter was 
washed five times with 3 ml of ice-cold buffer. The filtration apparatus was 
cooled to 2 °C before use and was kept cold through the filtration process. 
Nonspecific binding was determined by inclusion of 10 uM nonradioactive 
nicotine in the incubations. 

The inhibition of L-f^H] nicotine binding by test compounds was 
determined by including one of eight different .concentrations of the test 



20 



compound in the incubation, ^bitibn^^^sj^gre^m 



PHlnicotirie and IC50 vatlups we re estimated asi 
that inhibited 50 percent of specific W^HlnicotineJd 
25 (Ki values), reported in nM, were calculi 
nieSiod of Ctiehg et aL. ^Hem. Pi 



Inhibit ion constants 



Dopamine release was me 




| ^|C i;ft^vdues using the 
W$ C1973). 




tosomes from 
rats generally 



the striatal area of rat brain obtained 
30 according to the procedures set forth by Nagy et aL, J. Neurochem.. Vol. 43, pp. 
1114-1123 (1984). Striata from 4 rats were homogenized in 2 ml of 0.32M 
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sucrose buffered with 5 mM HEPES (pH 7.5), using a glass-Teflon tissue grinder. 
The homogenate was diluted to 5 ml with additional homogenization solution and 
centrifuged at 1,000 x g for 10 min. This procedure was repeated on the new 
pellet and the resulting supernatant was centrifuged at 12,000 x g for 20 min. A 
5 3 layer discontinuous Percoll gradient consisting of 16 percent, 10 percent and 
7.5 percent Percoll in HEPES-buffered sucrose was made with the final pellet 
dispersed in the top layer. After centrifugation at 15,000 x g for 20 min., the 
synaptosomes were recovered above the 16 percent layer with a Pasteur pipette, 
diluted with 8 ml of perfusion buffer (128 mM NaCl, 2.4 mM KC1, 3.2 mM 
10 CaCl 2 , 1.2 mM KH 2 P0 4 , 1.2 mM MgS0 4 , 25 mM HEPES pH 7.4, 10 mM 
dextrose, 1 mM ascorbate, 0.01 mM pargyline), and centrifuged at 15,000 x g for 
20 min. The new pellet was collected and re-suspended in perfusion buffer. The 
synaptosome suspension was incubated for 10 min. at 37 °C. [ 3 H]-Dopamine 
(Amersham, 40-60 Ci/mmol) was added to the suspension to give a final 
15 concentration of 0.1 uM, and the suspension was incubated for another 5 min. 
Using this method, 30 to 90 percent of the dopamine was taken up into the 
synaptosomes, as determined by scintillation counting following filtration through 
glass fiber filters soaked with 0.5 percent polyethyleneimine. A continuous 
perfusion system was used to monitor release following exposure to each ligand. 
20 Synaptosomes were loaded onto glass fiber filters (Gelman type A/E). Perfusion 
buffer was dripped o^tp |||^ ml/min.)-and ,piUled.through -the .filters 

with a perisM^^ for 
ajnin^ a^oa,of 4) r 2 

^ ^ * of lieand. the .p?r^»tcf was 

25 collected mtp^seinti^^ and,the dopamine released was 

fl^nt^ released ^boye 

h rokfe ^ dining that time was 

sufr^^ as a percentage of release 
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Determination of Log P 

Log P values (log octanol/water partition coefficient), which have 
been used to assess the relative abilities of compounds to pass across the blood- 
brain barrier (Hansch, et al, J. Med. Chem.. Vol. 11, p. 1 (1968)), were 
5 calculated according to the methods described by Hopfinger, Conformational 
Properties of Macromolecules. Academic Press (1973) using Cerius 2 software 
package by Molecular Simulations, Inc. 

Determination of Interaction with Muscle 

Human muscle activation was established on the human clonal line 

10 TE671/RD which is derived from an embryonal rhabdomyosarcoma (Stratton et 
al., Carcinogen. Vol. 10, pp. 899-905 (1989)). As evidenced through 
pharmacological (Lukas, J. Pharmacol. Exp. Ther.. Vol. 251, pp. 175-182 
(1989)), electrophysiological (Oswald et al, Neurosci. Lett.. Vol. 96, pp. 207-212 
(1989)), and molecular biological studies (Luther et al., J. Neurosci.. Vol. 9, pp. 

15 1082-1096 (1989)) these cells express muscle-like nicotinic receptors. Nicotinic 
acetylcholine receptor (nAChR) function was assayed using 86R5+ efflux 
according to a method described by Lukas et al., Anal. Biochem. . Vol. 175, pp. 
212-218 (1988). The maximal activation for individual compounds (Emax) was 
determined as a percentage of the maximal activation induced by (S)-(-)-nicotine. 




derived , from 




igyi^ ^S^ous clonal ^to^ <m .origin 
of the rat adrenal medulla expjessing po^ypic^tpe 
^eeViipig etal., jHgte 



^ , Vol. 10, pp. 61-70 p» 



ion 



30 



I v°^!^ c receptors .wl^sjs^t %^in Ljjkas 
Rf^NeurobioL. Vol. 34, pp. 25-130 (1992), Acetylcholine 
nicotinic receptors expressed in rat ganglia share a very high degree of homology 
with their human counterparts. See, Fornasari et al., Neurosci. Lett , Vol. Ill, 
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pp. 351-356 (1990) and Chini et al, Proc. Natl. Acad. Sci. USA , Vol. 89, pp. 
1572-1576 (1992). Both clonal cell lines described above were maintained in 
proliferative growth phase according to routine protocols (Bencherif et al., Mol. 
Cell. NeuroscL Vol. 2, pp. 52-65, (1991) and Bencherif et al., J. Pharmacol. 
Exp. Then. Vol. 257, pp. 946-953 (1991)). Intact cells on dishes were used for 
functional studies. Routinely, sample aliquots were reserved for determination 
of protein concentration using the method of Bradford, Anal. Biochem. . Vol. 72, 
pp. 248-254 (1976) with bovine serum albumin as the standard. N i c o t i n i c 
acetylcholine receptor (nAChR) function was assayed using 86jyj+ efflux 
according to a method described by Lukas et al., Anal. Biochem. , Vol. 175, pp. 
212-218 (1988). Cells were plated in 35-mm diameter wells of 6-well dishes for 
at least 48 hours and loaded for at least 4 hours at 37 °C in a medium containing 
serum, and luCi/ml 86Rb+ Following removal of the loading medium, cells 
were quickly washed three times with label-free Ringer's solution and exposed 
for 4 minutes at 20 °C to 900 |Jtl of Ringer's containing the indicated 
concentration of compound to be tested (to define total efflux) or in addition to 
100 jiM mecamylamine (to define non-specific efHux). The medium was 
removed and was quantitated using Cerenkov detection (see Lukas et al., 

Anal. Biochem. , Vol. 175, pp. 212-218 (1988)). Specific ion efflux was 
determined as the difference in isotope efflux between total and non-specific 
efflux samples. The maximal activation for individual compounds (Emax) was 
dltlrmined as a percentage of the maximal activation induced by (S)-(-)-nicotine. 
Jpa jre presented in Table. L 

Sample Nos. 2, 4 and 11, which have an ejco form, exhibit good 
25^ high affinity binding to CNS nicotinic receptors. In addition, Sample Nos. 5 and 
firyragfi'fiSve heitiier an gco nor endo form, ex^% g^ 'Uigh affinity bindmg 



15 



20 




S nicotinic receptors. Sample No. 10, which has an endo form, exhibits 



10 



igh affinity binding to CNS nicotinic receptors. Sample Nos. 8 and 9 
uce dopamine release and exhibit desirably low effects at muscle sites and 
ganglionic sites. Sample Nos. 4, 5, 6 and 10 exhibit good high affinity binding 
to CNS nicotinic receptors and exhibit desirably low effects at muscle sites and 
ganglionic sites. The data in Table I indicate that the compounds have the 
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capability of passing the blood-brain barrier by virtue of their favorable logP 
values. Certain compounds exhibit binding to high affinity CNS nicotinic 
receptors as indicated by their low binding constants. Certain compounds induce 
activation of CNS nicotinic receptors of a subject and cause neurotransmitter 
5 release, and thereby have the capability of demonstrating known nicotinic 
pharmacology. Thus, the data indicate that such compounds have the capability 
of being useful in treating CNS disorders involving nicotinic cholinergic 
systems. Furthermore, the data indicate that certain compounds do not cause any 
appreciable effects at muscle sites and ganglionic sites, thus indicating the 
10 potential for a lack of undesirable side effects in subjects receiving administration 
of those compounds. 



Sample Ki(nM) logP 
No. 



TABLE I 
Dopamine Release 



Muscle 
Effect 
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Effect 
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12 
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0 
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* not an example of the invention 
Emax at 100 uM 
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WHAT IS CLAIMED IS: 

1 . A compound having the formula: 



(CRa> n 




10 



15 



where X is nitrogen or carbon bonded to a substituent species characterized as 
having a sigma m value which is between about -0.3 and about 0.75; n is an 
integer which ranges from 1 to 2; R individually represents hydrogen or alkyl 
containing one to five carbon atoms; Z represents alkyl containing one to five 
carbon atoms; A and A' individually represent hydrogen, alkyl containing one to 
seven carbon atoms, or halo; A" represents hydrogen, alkyl containing one to 
seven carbon atoms, halo or an aromatic group-containing species; the dashed 
line in the structure represents a C-C single bond or a C-C double bond; the 
wavy line in the structure represents that the compound can have an endo or exo 
form; p is an integer ranging from 0 to 7 when the dashed line is a C-C single 
bond, and an integer ranging ,-frgpuO Xq 5 when, the -dashed Jine.is a C-C double 
bond; and Y represents hydM|ei^ 



an aromatic jgwmptconl 




2. TMcSISp^^ 




5. The compound of^laiSr 1 wlferein A and A' are hydrogen. 
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6. The compound of Claim 1 wherein A and A ' are hydrogen, and 
A" is methyl or ethyl. 

7. The compound of Claim 1 wherein A, A' and A"are hydrogen. 

8. The compound of Claim 1 wherein X is a member of the group 
5 consisting of N, C-H, C-F, C-Cl, C-Br, C-I, C-NR'R",C-CF 3 , C-OH, C-CN, C- 

SH, C-SCH 3 , C-N 3 , C-S0 2 CH 3 , C-OR\ C-C(0)N R'R'\C-NR'C(=0)R\ C- 
C(=O)0R\ C-OC(=0)R\ C-OC(=0)NR'R"and C-NR'C(=0)OR\ where R' and 
R"are individually hydrogen or alkyl containing one to five carbon atoms. 

9. The compound of Claim 1 having the form of (+/-)-exo-2- 
10 methyl«3-[3-(5-bromopyridyl)]-2-azabicyclo[2.2. l]hept-5-ene or (47-)-endo-2- 

methyl-3-[3-(5-bromopyridyl)]-2-azabicyclo[2.2, 1 ]hept-5-ene. 



10. The compound of Claim 1 having the form of (+/-) -exo- 2- 
methyl-3-[3-(6-methylpyridyI)]-2-azabicyclo[2.2. l]hept-5-ene or (+/-)-endo-2- 
methyl-3-[3-(6-methylpyridyl)]-2-azabicyclo[2.2. l]hept-5-ene. 
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14. The compound of Claim 1 having the form of (+/-)-exo-2- 
para-anisyl-3-(3-pyridyl)-2-azabicyc!o[2.2. 1 ]hept-5-ene or (+/-)«endo-2-para- 
anisyl-3-(3-pyridyl)-2-azabicyclo[2.2. 1 ]hept-5-ene. 

15. The compound of Claim 1 having the form of (+/-)-exo-3-(3- 
5 pyridyl)-2-azabicyclo[2.2.2]oct-5-ene or (+/«)»endo-3-(3-pyridyl)-2- 

azabicyclo[2.2.2]oct-5-ene. 

16. The compound of Claim 1 having the form of (+/-)-exo-2- 
methyl-3-(3-pyridyl)-2-azabicyclo[2.2.2]oct-5-ene or (+/-)-endo-2-metiiyi-3-(3- 
pyridyl)-2-azabicyclo[2.2.2]oct-5-ene. 

10 17. The compound of Claim 1 having the form of (+/-)-3-(3- 

pyridyl)-2-azabicyclo[2.2.2]octane. 

18. The compound of Claim 1 having the form of (+/-)-2-methyl- 
3-(3-pyridyl)-2-azabicyclo[2.2.2]octane. 

19. The compound of Claim 1 wherein the dashed line is a C-C 
IS double bond and Y is alkyl containing 1 to 4 carbon atoms. 





"T^^^^^ .f|2&!& pharmaceutical composition according to claim 20, 
comprising said compound in an amount effective to treat a neurodegenerative 
central nervous system disorder. 
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23. A pharmaceutical composition according to claim 20, 
comprising said compound in an amount effective to treat senile dementia of the 
Alzheimer's type. 

24. The use of a compound having the formula: 




5 for the preparation of a medicament for the prevention or treatment of a central 
nervous system disorder, where X is nitrogen or carbon bonded to a substituted 
species characterized as having a sigma m value which is between about -0.3 and 
about 0.75; n is an integer which ranges from 1 to 2; R individually represents 
hydrogen or alkyl containing one to five carbon atoms; Z represents alkyl 

10 containing one to five carbon atoms; A and A 9 individually represent hydrogen, 
alkyl containing one to seven carbon atoms, or halo; A" represents hydrogen, 
alkyl containing one to seven carbon atoms, halo or an aromatic group-containing 
species; the dashed 'line 4n the structure represents *a iG-^G single bond tor a GC 
double tonH; the wayy line in the structure represents $btaf tthe compound &m 

15 nave an endo or exo form: p is an integer rangmg fiorn^O to 7 when the 



Ime is a C-C single 
JilRe is a C-C dptlble bond; Y 



«S^% 5 wl^ ttie <fi 



seven carfcon atoms or an ^Wq^MI 





^orieAto 




^ 25. -She i^-drrir<sdi^^^fi^mii 

;0" meicament fdrtoe preveritidn or treaSaent of a 
where p is 0 or 1. 
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26. The use of a compound of Claim 24 for the preparation of a 
medicament for the prevention or treatment of a central nervous system disorder, 
where p is 0. 

27. The use of a compound of Claim 24 for the preparation of a 
5 medicament for the prevention or treatment of a central nervous system disorder, 

where R is hydrogen. 

28. The use of a compound of Claim 24 for the preparation of a 
medicament for the prevention or treatment of a central nervous system disorder, 
where A and A' are hydrogen. 

10 29. The use of a compound of Claim 24 for the preparation of a 

medicament for the prevention or treatment of a central nervous system disorder, 
where A and A' are hydrogen, and A" is methyl or ethyl. 

30. The use of a compound of Claim 24 for the preparation of a 
medicament for the prevention or treatment of a central nervous system disorder, 
15 where A, A* and A"are hydrogen. 



31. The use of a comppTumd of Clai^ of a 

medicament for the prevention or treatment of & 

C-^R",g^F3 V Q-OH,, C-CN, Cr^^^iy^^ggg^,^^*, C- 

20 c(=o)n r'r"c-nb'C(=<))ji', Q<x^^\g^^m^ms^sm**mid 
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32. The use of a compound of Claim 24 for the preparation of a 
medicament for the prevention or treatment of a central nervous system disorder, 
where the compound of Claim 1 has the form of (+/-)-exo-2-methyl-3-[3-(5- 
bromopyridyl)]-2-azabicyclo[2.2. l]hept-5-ene or (4-A)-endo-2-methyl-3»[3-(5- 

5 bromopyridyl)]-2-azabicyclo[2.2. 1 ]hept-5-ene. 

33. The use of a compound of Claim 24 for the preparation of a 
medicament for the prevention or treatment of a central nervous system disorder, 
where the compound of Claim 1 has the form of (+/-)-exo-2-methyl-3-[3-(6- 
methylpyridyl)]-2-azabicyclo[2.2. 1 ]hept-5-ene or (+/-)-endo-2-methyl-3-[3-(6- 

1 0 methylpyridyl)]-2-azabicyclo[2.2. 1 ]hept-5-ene. 

34. The use of a compound of Claim 24 for the preparation of a 
medicament for the prevention or treatment of a central nervous system disorder, 
where the compound of Claim 1 has the form of (+/-)-fi2cg-2-methyl-3-(3-pyridyl)- 
2-azabicyclo[2.2.1]hept-5-ene or (+/«)-endo-2-methyl«3-(3-pyridyl)-2- 

1 5 azabicyclo[2.2.1]hept-5-ene. 



35. The use of a compound of Claim 24 for the preparation of a 
medicament for the prevention or treatment of a central nervous system disorder, 
where the compound of # f (^^ 
2-a^bicydo [2:2 .1 ]^|i^^e p Y^ff ^ethvll3>f3-«vridvn>2, 
20 «J«m^ 
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37. The use of a compound of Claim 24 for the preparation of a 
medicament for the prevention or treatment of a central nervous system disorder, 
where the compound of Claim 1 has the form of (+/-)-gxo-2-para-anisyl-3-(3- 

. pyridyl)-2-azabicyclo[22.1]hep^ 

5 azabicyclo[2.2. 1 ]hept-5-ene. 



38, The use of a compound of Claim 24 for the preparation of a 
medicament for the prevention or treatment of a central nervous system disorder, 
where the compound of Claim 1 has the form of (+M^xo-3-(3-pyridylV2- 
azabicyclo[12.2]oct-5-ene or (+/-)-mdo r 3-(3-pyridyl)-2-azabicyclo[2.2.2]oct-5- 
10 ene. 



39. The use of a compound of Claim 24 for the preparation of a 
medicament for the prevention or treatment of a central nervous system disorder, 
where the compound of Claim 1 has the form of (+/-)-exo-2-methyl-3 -(3-pyridyl)- 
2-azabicyclo[2.2.2]oct-5-ene or (+/-)-endo-2-methyl-3-(3-pyridyl)-2- 
1 5 azabicyclo[2.2.2]oct-5-ene. 



20 



40, The use of a compound of Claim 24 for the preparation of a 
medicament for the prevention or treatment of a central nervous system disorder, 
where the compound of Claim 1 has the form of (+A)-3-(3-pyridyl)-2- 



1 1 n iliiftLilfi a cott> * wmd ^ cl m ? 4 Cpr fee R ^pntij)n,Qf a 
m^ icament for the ffi | ^^ o n or treatment of a central nervous system disorder, 

1 li^ tfie form of (+/-)-2^m^ 




_ r _„_6n of a 



' a compound of Claim 24 for die p 
25 me^ or treatment f a central nervous systemxdisorder, 

wherein the dashed line of the compound is a C-C double bond and Y is alkyl 
containing 1 to 4 carbon atoms. 
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43. A method for providing prevention or treatment of a central 
nervous system disorder, the method comprising administering to a subject an 
effective amount of a compound having the formula: 




where X is nitrogen or carbon bonded to a substituent species characterized as 
5 having a sigma m value which is between about -0.3 and about 0.75; n is an 
integer which ranges from 1 to 2; R individually represents hydrogen or aikyi 
containing one to five carbon atoms; Z represents alkyl containing one to five 
carbon atoms; A and A' individually represent hydrogen, alkyl containing one to 
seven carbon atoms, or halo; A" represents hydrogen, alkyl containing one to 
10 seven carbon atoms, halo or an aromatic group-containing species; the dashed 
line in the structure represents a C-C single bond or a C-C double bond; the 
wavy line in the structure represents that the compound can have an endo or exo 
form; p is an integer ranging from 0 to 7 when the dashed .line is a C-C single 
4 fe&d^ffi§ m integer r^ 5 when the^das^ .double 

.^4!- <kmt^ or 

44. ^pe$^ 

45. ftHiiheffi^^ 

46. TtlH>m^odo^ 

47. The method of Claim 43 whereby A and A" are hydrogen. 




WO 96/36637 



PCT/US96/04536 



-47- 

48. The method of Claim 43 whereby A and A' are hydrogen, and 
A" is methyl or ethyl. 

49. The method of Claim 43 whereby A, A 5 and A' 'are hydrogen. 

50. The method of Claim 43 whereby X is a member of the group 
5 consisting of N, C-H, C-F, C-CI, C-Br, C-I. C-NR'R'\C-CF 3 , C-OH, C-CN, C- 

SH, C-SCH 3 , C-N 3 , C-S0 2 CH 3 , C-OR', C-C(=0)N R'R",C-NR'C(=0)R\ C- 
C(=0)OR\ C-OC(=0)R\ C-OC(=0)NR'R"and C-NR'C(=0)OR\ where R'and 
R"are individually hydrogen or alkyl containing one to five carbon atoms. 



51. The method of Claim 43 whereby the compound is (+/-)-exo- 
10 2-methyl-3-[3-(5-bromopyridyl)]-2-azabicycIo[2.2.1]hept-5-ene or (+M- endo- 2- 
methyl-3-[3-(5-bromopyridyl)]-2-azabicyclo[2.2.1]hept-5-ene. 



52. The method of Claim 43 whereby the compound is (+M-exo-2- 
methyl-3-[3-(6-methylpyridyl)]-2-azabicyclo[2.2. l]hept-5-ene or (+/-Vendo-2- 
methyl-3-[3-(6-methylpyridyl)]-2-azabicyclo[2.2.1]hept-5-ene. 

15 53. The method of Claim 43 whereby the compound is (+M-exo-2- 

methyl-3-(3-pyddyl)«2-^ or (+/-)-*ndo-2^ 

pyftayl)^a^icycl6[22:^ 



54. The method of Claim 43 whereby the compound is (+/-)^^^- 
ethyl-3-(3-pyridyt)-2-azabicyclo[2.2.1]hep or f+M^to^mahyi^3-- 



(3-pyridyl).2-az.bicyctoI2.2.2joCt-5-e n e or HVM-Hl^fgj^ , , ^ 

azabicyclo[2.2.2]oct^5-ene, -^itytf^^ 
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56. The method of Claim 43 whereby the compound is (+/-)-exo-2- 
methyl-3-(3-pyridyl)-2-azabicyclo[2.2.2]oct-5-ene or (-f/-)-endo»2-methyI-3-(3- 
pyridyl)-2-azabicyclO[2.2.2]oct-5-ene. 

57. The method of Claim 43 whereby the compound is (+/-)-3-(3- 
5 pyridyl)-2-azabicyclo[2.2.2]octane. 

58. The method of Claim 43 whereby the compound is (+/-)-2- 
methyl-3-(3-pyridyl)-2-azabicyclo[2.2.2]octane. 

59. The method of Claim 43 whereby the compound is such that 
the dashed line is a C-C double bond and Y is alkyl containing 1 to 4 carbon 

10 atoms. 

60. The method of Claim 43 wherely the central nervous system 
disorder is a neurodegenerative disease. 

61. The method of Claim 60 whereby the neurodegenerative 
disease is senile dementia of the Alzheimer's type. 



15 62. The method of Claim 43 whereby the compound is such that 

the dashed line is a C-C single bond 
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S?S^(SB!S^ , S^'r R TOARA ™ AND THEIR USB AS MODU- 



The present invention relates to novel compounds 
which are capable of modulating acetylcholine receptors. 
Invention compounds are useful, for example, for treatment 
of dysfunction of the central or autonomic nervous systems 
5 including dementia, cognitive disorders, neurodegenerative 
disorders, extrapyramidal disorders, convulsive disorders, 
cardiovascular disorders, endocrine disorders, pain, 
gastrointestinal disorders, eating disorders, affective 
disorders, and drug abuse. in addition, the present 
10 invention relates to pharmaceutical compositions containing 
these compounds, as well as various uses therefor. 

BACKGROUND OF THE TWVRWTTOK 

By modulation of neurotransmitter release 
(including dopamine, norepinephrine, acetylcholine and 

15 serotonin) from different brain regions, acetylcholine 
receptors are involved in the modulation of neuroendocrine 
function, respiration, mood, motor control and function, 
focus and attention, concentration, memory and cognition, 
and the mechanisms of substance abuse. Ligands .for 

20 acetylcholine receptors have been demonstrated to . ..have 
effects <©n attention, cognition, aip^i#^$Q%^i@eii@^\ 
memory, .ex%^a;i^litf±dial function, oai 
pain and gastrointestinal motility* t^i«^w^^%i4>nv vith6 
aistri'butio'ii c¥' acetylcholine r^Mlll.!^^^^^!^!^!, 

25 i.e., ni^tl^f -^|^|fh^ti# . f^gg^-**^* *"***^»>^ : 
the brain , iftcludi-iig the basii 
cepebral cortex and niid*v «nd*&Ah^ 
periphery, tKe....dis^||u^ien.- "-irajg 
^»n?iia, th fas^ii^ee^al t^^|| 

30 system. ,. . , . •.. » 




Acetylcholine receptors have been shown to be 
decreased, inter alia, in the brains of pati nts suffering 
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from Alzheimer's disease or Parkinson* s disease, diseases 
associated with dementia, motor dysfunction and cognitive 
impairment. Such correlations between acetylcholine 
receptors and nervous system disorders suggest that 
5 compounds that modulate acetylcholine receptors will have 
beneficial therapeutic effects for many human nervous 
system disorders. Thus, there is a continuing need for 
compounds which can selectively modulate the activity of 
acetylcholine receptors. In response to such need, the 
10 present invention provides a new family of compounds which 
modulate acetylcholine receptors. 



BRIEF DESCRIPTION OF THE INVENTION 

In accordance with the present invention, we have 
discovered that the class of pyridine compounds defined 
15 herein are modulators of acetylcholine receptors. 



20 



The compounds of the present invention are 
capable of displacing one or more acetylcholine receptor 
ligands, e.g., 3 H-nicotine, from mammalian cerebral membrane 
binding sites. Invention compounds may act as agonists, 
partial agonists, antagonists or allosteric modulators of 
acetylcholine ..mmPJ0m*-. : ^ -rWSSSffSSM^ fpr 
Qomj^ndiM^^ 

diseases of tAe- cent^a^ Alzheimer's 

l^0^y loss and/or 
d$e dysfunction 
gv* focus and 
?mofcor function 

gili^er>syriaroiBe 
^disorders such 
; substance 



as depc«S| 
abuse inclu 




and otHer disol 
25 depjetnjtia (includinjgr 
( including 

pai#y, ^mmm^^ 

30 ana 



%tttsetituti6n 

therapy; neuroend crin disorders and dysr gulation f food 
intak , including bulemia and an r xia; disord rs of 
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nociception and control of pain; autonomic disorders 
including dysfunction of gastrointestinal motility and 
function such as inflammatory bowel disease, irritable 
bowel syndrome, diarrhea, constipation, gastric acid 
secretion and ulcers; pheochr omocy toma ; cardiovascular 
dysfunction including hypertension and cardia arrhythmias, 
as well as co-medication uses in surgical applications. 

PCTAILEP DESCRIPTION OF THE INVENTION 

In accordance with the present invention, there 
are provided compounds having the structure (Formula I) : 

R* 

— N* — B — Z 
R w 



R 6 ^N l/ ^R 2 
I 

wherein: 

A is a 1, 2, 3, 4, 5 or 6 atom bridging species 
linking C 5 of the pyridine ring with N*, 

wherein A is selected from a straight 
chain w branched chain a Iky 1 en e moiety 

lApi^vjbp - six a&iffite'- in backbone 



f^^^^t-^f ia '?U^H^t^a al*kylehe moi ety , 

f^^^fe Chaln ° r br * nc * fed ch * ln 
: ^ i£ ' 9 ^^^B^6iBty having up to six atoms in 

jl^rte thereof , or a substituted 

iH ^p^ifefey, an alkynylene moiety 

76ix afcotts in %m %m\&$^p 

| substituted a Iky ny lane moiety, 

|if -c ( S) - , -s- , -s(O) - and/or 

f l^, moiety; prpyi^J, 

^"tlsat any h teroatom contained in A 

is separated from N* by at least three 

carbon atoms; and further provided that when 
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A is a -C(0)- or -C(S)- containing alkylen 
moiety, at least one methylene unit 
intervenes between the -C(0)- or -C(S)- 
moiety of A and N*; and further provided 
5 that N* is not conjugated with an alkenyl or 

alkynyl moiety, 

wherein A and B can optionally combine 
to form a monocyclic ring containing A, N* 
and B, wherein at least one methylene unit 
10 intervenes between such ring and C 3 of the 

pyridine ring; 
B is a 1, 2, 3 or 4 atom bridging species linking 
N a with Z, 

wherein B is selected from a straight 
15 chain or branched chain alkylene moiety 

having up to four atoms in the backbone 
thereof, or a substituted alkylene moiety, 
a straight chain or branched chain 
alkenylene moiety having up to four atoms in 
20 the backbone thereof, or a substituted 

alkenylene moiety, an alkynylene moiety 
having up to four atoms in the backbone 
thereof, or a substituted alkynylene moiety, 
rO-i -CCO,)-, -GCS)-, -rN^OP? ) r i -S-, -S(O)- 
25 ^and/or -SJO) ^containing alkylene moiety, 

wherein K* is hydrogen or a lower aMcyl 
t#oie£y; proved, h«%rSr, tSttit Uny 
heteroatoro contained in B is separated from 
N* by at least 2 carbon atoms, and further 
^?St!^t " ^o€*!|d MUt **hen B mm **#|l*< *>* 
r^^^^^l ^n^llning alfcyl$ne 4^1$$^-.- M le|ist gfie 

<m m m* ^w* ^f^she unit m^mm^m&mm^ mm* 

*or -fetS)- moiety « Wf |«d fti^lfet 
provid d that N* is not coftjagit d with in 
> m S?ffl&yi or aikyhyl 
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wherein B and R a can optionally coxabin 
to form a monocyclic ring containing B, R* 
and tf"; 

is selected from hydrogen, alkyl, substituted 
alkyl, cycloalkyl, substituted cycloalkyl, 
hydroxyalkyl, alkenyl, substituted alkenyl, 
alkynyl, substituted alkynyl, aryl, 
substituted aryl , alkylaryl , substituted 
alkylaryl, arylalkyl, substituted arylalkyl, 
arylalkenyl , substituted arylalkenyl , 
ary lalkyny 1 , substituted arylalkyny 1 , 
heterocycl ic , substituted heterocyclic , 
trif luoromethy 1 , cyano , cyanomethy 1 , 
carboxyl, carbamate, sulfonyl, sulfonamide, 
aryloxyalkyl, or -OR 2 , wherein R z is 
hydrogen, lower alkyl or aryl, or 

Z is not present when A and B cooperate 
to form a ring containing A, N* and B, or 
when R a and B cooperate to form a ring 
containing B, R a and M°; 

is selected from hydrogen or lower alkyl; and 

4 5 6 

, R , R and R are each independently selected 
from hydrogen , alkyl , substituted alkyl , 
cycloalkyl, substituted cycloalkyl , alkenyd, 
substituted alkenyl, alkynyl, substituted 
alkynyl, fjggl, substituted aryl, alJcy^^A, 
su^tltiu^ei alkyiaryi, aryli^f, 
sil^iiltiii^ld arylaiijcyl, . arylalkenyl, 
substituted arylalkenyl, arylalkynyl, 
6 ubBtitat|d ary^l^S, iMflfit' 
substituted heterocyclic, , - - — —~-r ■ >■ 




aryl; provided, h wev r, that when R 2 , R*, r s 
or R 6 is -S(0)R* , R« is not hydrogen; and 
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furth r provid d that when R' is alkenyl or 
alkynyl, the site of unsaturation is not 
conjugated with a heteroatom; 

-C(0)R", wherein R w is selected from 
hydrogen, alkyl, substituted alkyl, alkoxy, 
alkylamino, alkenyl, substituted alkenyl, 
alkynyl, substituted alkynyl, aryl, 
substituted aryl, aryloxy, arylamino, 
alkylaryl, substituted alky laryl , arylalkyl, 
substituted arylalkyl, arylalkenyl, 
substituted arylalkenyl, arylalkynyl, 
substituted arylalkynyl, heterocyclic, 
substituted heterocyclic or trif luoromethy 1 , 
provided, however, that the carbonyl 
functionality is not conjugated with an 
alkenyl or alkynyl functionality; 

-OR' • • or -NR' • , 2 , wherein each R* • * is 
independently selected from hydrogen, alkyl, 
substituted alkyl, cycloalkyl, substituted 
cycloalkyl, alkenyl, substituted alkenyl, 
alkynyl, substituted alkynyl, aryl, 
substituted aryl, alky laryl, substituted 
alky laryl, arylalkyl, substituted arylalkyl, 
arylalkenyl, substituted arylalkenyl, 
arylalkynyl, 



substituted arovl, h^i ^^PPT^^^P^ a 



relic # acyi; 
alkylsulfonyl or 



however, tfiat the; -G^^ 



-SR 1 1 1 1 , Wi 
hy^roaen, a} 
substitut d 
alkynyl , aryl, 
substituted 
substituted 




alky laryl, 
arylalkyl, 



arylalkyl, 
arylalkenyl, 
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substituted arylalkenyl, arylalkynyl, 
substituted arylalkynyl, heterocyclic, 
substituted heterocyclic or trif luoromethyl , 
provided, however, that the -SR , •• , 
functionality is not conjugated with an 
alkenyl or alkynyl functionality; or 

-SiR M,,, j, wherein R»» ,, » is selected 
from alkyl or aryl. 



10 



15 



20 



25 



30 



Specifically excluded from the above definition 
of compounds embraced by Formula I are compounds wherein A 
is -CH-CH-fCH^.s-CH;,-, B is alkyl, 2 is H or absent, R a is 
H, and each of R , R , r and R are independently alkyl or 
halo; compounds wherein A is -(CHg),^-, B and R a combine to 
form a B, R a , n" ring such that B and R a together are C 4 Rg or 
CjR,,,, wherein R is hydrogen or alkyl, and z is absent; 
compounds wherein A is -C(0)-(CH 2 ) 1 . 5 -, B is alkyl, 2 is 
absent or H, R a is H or alkyl, and each of R 2 , R*, R 5 and R 6 
are alkyl or halo; compounds wherein A is -CH 2 -, B is -CH 2 - 
or -CH 2 -CH 2 -, Z is H, R* is -CHj or -CH 2 -CHj, and each of R 2 , 
R , R and R are hydrogen; compounds wherein A is -CH 2 -, B 
is -CH 2 -CH(CHj)-CH 2 -R, wherein R is para-tertiarybutylphenyl, 
Z is absent, R* is CH 5 or butyl, and each of R 2 , R*, R 5 and 

R are hydrogen; compQunds^herAin^^s^^l^Ci^Pl^hr wherein 
iris h or alKyl 

wherein R is H, methyl or e thyl. Xia^kmyA^Y ^^^u*** 



ind h « 0 or 1, Z is 
(substitution selected from 

a^Flren#lgfg 




I^IWW or alkoxy) , 

jfr .4^t#^$pim*$* aryl 

I ,, ft" is 
|q.tse.d> from 
ifiein A is 



.. * '■ t ~' - * . 
ach of R', r*, 



15 R and R are hydrog n; comp unds wherein A is -CH(CH 5 )-, B 
is -CH 2 -CH 2 -t2,3-(OR) 2 c 6 H 3 ], wher in R is methyl or benzyl, 
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and R a is hydrog n, or B and R* combine to form a B, R a , N* 



ring 



such 



that 



B 



and 



together 



are 



-C(=CH 2 )-[l,2-(3,4(0R) 2 benzo]-CH 2 CH 2 -, wherein R is methyl or 

2 4 5 

benzyl, Z in all instances is absent, and each of R , R , R 
5 and R 6 are hydrogen; as well as compounds wherein A is 
-CH(CH 3 )- or -CH 2 -CH 2 -CH 2 -, B is -CH 2 -CH 2 -CH (C 6 H 5 ) - or 
-CH(CH 3 )-C 6 H5, Z is phenyl or absent, R a is hydrogen, and 
each of R 2 , R 4 , R 5 and R 6 are hydrogen. 

As employed herein, "lower alJcyl" refers to 
10 straight or branched chain alkyl radicals having in the 
range of about 1 up to 4 carbon atoms; "alkyl" refers to 
straight or branched chain alkyl radicals having in the 
range of about 1 up to 12 carbon atoms; "substituted alkyl" 
refers to alkyl radicals further bearing one or more 
15 substituents such as hydroxy, alkoxy (of a lower alkyl 
group), mercapto (of a lower alkyl group), aryl, 
heterocyclic, halogen, trif luoromethyl, cyano, nitro, 
amino, carboxyl, carbamate, sulfonyl, sulfonamide, and the 
like; 



20 



25 



30 



"cycloalkyl" refers to cyclic ring-containing 
radicals containing in the range of about 3 up to 8 carbon 
atoms, and ^substituted qy^loalkyl" refers to cycloalkyl 
radicals f urth^ ■ ^jf^jj^^^-^ WP r ® substituents as set 
forth above; 



hydrocarbyl 
dSulie 



carbon atoms 

"sfuBstit 




'|,o s|raijd ht or branched chain 
eft: least one carbon-carbon 
put 2 up to 12 
'e range of about 2 
preferred) , and 
aiHinf! radicals further 
II f^l iforth above; 



"alkynyl" ref rs to straight r branched chain 
hydr carbyl radicals having at 1 ast one carbon-carb n 
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triple bond, and having in the rang of about 2 up to 12 
carbon atoms (with radicals having in the range of about 2 
up to 6 carbon atoms presently being preferred) , and 
"substituted alkynyl" refers to alkynyl radicals further 
5 bearing one or more substituents as set forth above; 

"aryl" refers to aromatic radicals having in the 
range of 6 up to 14 carbon atoms and "substituted aryl" 
refers to aryl radicals further bearing one or more 
substituents as set forth above; 

0 "alkylaryl" refers to alkyl-substituted aryl 

radicals and "substituted alkylaryl" refers to alkylaryl 
radicals further bearing one or more substituents as set 
forth above; 

"arylalkyl" refers to aryl-substituted alkyl 
5 radicals and "substituted arylalkyl" refers to arylalkyl 
radicals further bearing one or more substituents as set 
forth above; 



"arylalkenyl" refers to aryl-substituted alkenyl 
radicals and "substituted arylalkenyl" refers to 
20 arylalkenyl radicals further bearing one or more 



*tmwmsm&A set forth above; 

' '"'^^ to aryl-sufeltitutea alkynyl 

^ftituted arylalkynyl" refers to 
^^icia|i5 further bearing one or more 



wlfs to atyl-carbonyl species such as 
tituted arqyl" refers to aroyl radicals 
or more substitu nts as set forth 
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"heterocyclic" refers to cyclic (i.e., ring- 
containing) radicals containing one or more heteroatoms 
(e.g., N, O, S, or the like) as part of the ring structure, 
and having in the range of 3 up to 14 carbon atoms and 
"substituted heterocyclic" refers to heterocyclic radicals 
further bearing one or more substituents as set forth 
above; 

"acyl" refers to alkyl-carbonyl species; and 

"halogen" refers to fluoride, chloride, bromide 
or iodide radicals. 

In accordance with the present invention, A is a 
1, 2, 3, 4, 5 or 6 atom bridging species which links C 3 of 
the pyridine ring with N* of the pyridine side chain. A can 
be selected from straight chain or branched chain alkylene 
moieties having up to six atoms in the backbone thereof, or 
substituted alkylene moieties, straight chain or branched 
chain alkenylene moieties having up to six atoms in the 
backbone thereof, or substituted alkenylene moieties, 
alkynylene moieties having up to six atoms in the backbone 
thereof, or substituted alkynylene moieties, -0-, -C(O)-, 
-C(S) - , -S- , -S (0) - and/or -S(0), -containing alkylene 
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-CR* 2 -, wherein each R* is ind pendently 
selected from hydrogen, alkyl, substituted alkyl, 
aryl, substituted aryl, alkenyl, substituted 
alkenyl, alkynyl or substituted alkynyl; 
5 -(cycloalkyl)-, 

-C(=CXY)-CH 2 -, wherein X and Y are each 
independently selected from hydrogen, lower 
alkyl, substituted alkyl, cycloalkyl, substituted 
cycloalkyl, hydroxyalkyl , halogen, aryl, 
10 substituted aryl, alkylaryl, substituted 

alkylaryl, arylalkyl, substituted arylalkyl, 
heterocyclic, substituted heterocyclic, 
aryloxyalkyl, or -OR**, wherein R** is lower alkyl 
or aryl, 

15 and the like. 

Preferably, when A is -C(«=CXY)-CH,-, X and Y are not both 

AA 

-OR . Presently preferred compounds are those wherein A is 
-CH 2 -, -CH(CH 3 )-, -C(CH 3 ) 2 -, -CH 2 CH 2 - , -CH 2 CH(CH 3 ) 
-(spirocyclopropyl)-, -CH«=CH-CH 2 -CH 2 - , and the like. 
20 Especially preferred compounds of the invention are those 
wherein A is selected from -CH 2 - or -CH(CH 3 )-. 



25 



30 



35 




Further in accordance with the present invention, 
B is a l, 2, 3 or 4 atom bridging species which links N* of 
the pyridine side chain with the terminal group of Me^e 
cMiSv, 2. ■" ; fi : can be selected fr|m ; sjMMt jBSffi ' 
b^SirSnM ^a^^fyt^'#|||e^iiS iiatflrig ■up-io^fptirlS^^S' 
thie backbone thereof, 6r saB|titut|d ai^yl^ 
straight Chain or branched chain alkenylene 

u*> to' f^tif stm m M em^s^ 

moie%i!e*s, -6-, ^fBf*; -clfff-, l| 

-*W 2 -a6htai^i1% M#line '*A*0& 
r a lower • -«^f»>^H^- \ 

heteroatom contain d in B is separat d from N* by at 1 ast 
2 carbon atoms, and further provid d that wh n B is a 
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-C(O)- or -C(S)- containing alkylene moiety, at least one 
methylene unit intervenes between the -C(O)- or -C(S)- 
moiety and N*; and further provided that N a is not 
conjugated with an alkenyl or alkynyl moiety. Optionally , 
5 B and A can combine to form a monocyclic ring containing A, 
N* and B, wherein at least one methylene unit intervenes 
between such ring and the pyridine ring. As yet another 
option, B and R B can combine to form a monocyclic ring 
containing B, R a and N*. Thus, B can be selected, for 

10 example, from -CH 2 -, -CH 2 CH 2 -, -CH 2 CH 2 CH 2 -, -CH(CH 3 )-, 
-(spirocycloalkyl)-, -CH 2 -CH=C(X)- (wherein X is as defined 
above), -CH 2 -CeC-, -CH 2 CH 2 -C(0) -, and the like. Presently 
preferred compounds of the invention are those wherein B is 
-CH 2 -, -CH 2 CH 2 -, -CH 2 CH 2 CH 2 -, -CH(CH 3 )-, -(spirocyclopropyl) 

15 -CH 2 -CH=C(X)- (wherein X is H or lower alkyl) , -CH 2 -Csc- or 
-CH 2 CH 2 -C(0)-, with -CH 2 - presently most preferred. 



In accordance with one embodiment of the present 
invention, A and B can combine to form a ring containing A, 
N° and B, wherein at least one methylene unit intervenes 
20 between such ring and the pyridine ring. Examples of such 
bridging groups include -0-CH 2 CH(CH 2 ) n -, wherein n falls in 

the range of l up to 5, wherein n being 3 or 4 is presently 



25 as m 9tmmt %mmm 

present invention, B and R° can doto 
containing 1/ ft* and EkaipiiWf6W«Bi 
include *CttjC2rt^-, -<&2<%%®k#. 




^ the 



'mm 



>>; a 
iMtioh 




3 0 in *m*&$m «niHsii#f 

dycloalkyl, '\Mffl0tifflifaA m . .... ... w UIW „ ,„.„,„ , t - - 

substituted a lk nyl, alkynyl, substitute "tflkyhyl, aryl, 
substituted aryl, alkylaryl, substituted alkylaryl, 
35 arylalkyl, substituted arylalkyl, arylalk nyl, substituted 
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arylalkenyl, arylalkynyl, substituted arylalkynyl, 
heterocyclic, substituted heterocyclic, trif luoromethyl , 
cyano, cyanomethyl, carboxyl, carbamate, sulfonyl, 
sulfonamide, ary loxyalkyl , or -OR 2 , wherein R z is hydrogen, 
lower alkyl or aryl. Z is not present, however, when A and 
B cooperate to form a ring containing A, n" and B, or when 

4T 



R 



and B cooperate to form a ring containing B, R a and N 8 . 



In accordance with the present invention, R* is 
selected from hydrogen or lower alkyl. 

In accordance with the present invention, R 2 , R 4 , 
R and R 6 are each independently selected from hydrogen, 
alkyl, substituted alkyl, cycloalkyl, substituted 
cycloalkyl, alkenyl, substituted alkenyl, alkynyl, 
substituted alkynyl, aryl, substituted aryl, alkylaryl, 
substituted alkylaryl, arylalkyl, substituted arylalkyl, 
arylalkenyl, substituted arylalkenyl, arylalkynyl, 
substituted arylalkynyl, heterocyclic, substituted 
heterocyclic, trif luoromethyl, halogen, cyano, nitro; 

-S(0)R', -S(0) 2 R\ -S(O) 2 0R» or 
-S(0) 2 NHR', wherein each R» is independently 
hydrogen, lower alkyl, alkenyl, alkynyl or 

R 5 
-and 



,spL^ 'jjj? unsaturation is not 
s»afc«tm.; 

is selected frpm 
a*k©j|y,, 
alkenyl, 
alkynyl, aryl, 
*mmt aryiainino, 
^alkylaryl, arylalkyl, 
fckyl, arylalk nyl, 
arylalkenyl, arylalkynyl, 
arylalkynyl, heterocyclic, 



Mjuiuycii, wwer axKyi, aixenyi, axjcynyx 




substituted 
substituted 
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10 



15 



20 



25 



30 



substituted het rocyclic or trif luorom thyl, 
provided, however, that the carbonyl 
functionality is not conjugated with an 
alkenyl or alkynyl functionality; 

-OR 1 • • or -NR 1 • % z , wherein each R 1 9 • is 
independently selected from hydrogen, alkyl, 
substituted alkyl, cycloalkyl, substituted 
cycloalkyl, alkenyl, substituted alkenyl, 
alkynyl, substituted alkynyl, aryl, 
subst i tut ed aryl , a Iky lary 1 , substituted 
alkylaryl, arylalkyl, substituted arylalkyl , 
ary lalkenyl , substituted aryl alkenyl , 
arylalkynyl, substituted ary lalkynyl , aroyl, 
substituted aroyl, heterocyclic, substituted 
heterocyclic, acyl, trif luoromethyl, 
alkylsulfonyl or arylsulfonyl, provided, 
however , that the -OR • • 1 or -NR • • • 2 
functionality is not conjugated with an 
alkenyl or alkynyl functionality; 

-SR 1 1 • 1 , wherein R' • ' 1 is selected from 
hydrogen, alkyl, substituted alkyl, alkenyl, 
substituted alkenyl, alkynyl, substituted 
alkynyl, aryl, substituted aryl, alkylaryl, 

a Iky 1 ary 1 , aryl alkyl , 
aryU^lpnyl, 

^uteifl ary lalkynyl , heterocyclic , 
llituted heterocyclic or trif lu^pjm^iy 1 , 
hswrever, thf % tgp -SR* • • 1 
n °t &^i^S^k^ wijfeh an 



sut^^t^ituted 
ifced. 
ited 






alkyl or aryl 




wherein f^'" 



is selected 



35 pres nt invention, R* 
having the structure: 



with a preferr d aspect of the 
is alkynyl r substitut d alkynyl 
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- C = C - R 



10 



15 



20 



Ts 



wherein R 5 ' is selected from hydrogen, alkyl, substituted 
alkyl, cycloalkyl, substituted cycloalkyl, alkenyl, 
substituted alkenyl, alkynyl, substituted alkynyl, aryl, 
substituted aryl, alkylaryl, substituted alkylaryl, 
arylalkyl, substituted arylalkyl, heterocyclic, substituted 
heterocyclic, trif luoromethyl, halogen, cyano, nitro; 

-S(0)R\ -SCO)^' or -S(0) 2 NHR', wherein each 
R* is as defined above, provided, however, that 
when R 2 , R 4 or R 6 is -S^R 1 , R 9 is not hydrogen, 
alkenyl or alkynyl, and provided that when R 2 , R 4 
or R 6 is -S(0) 2 NHR', R' is not alkenyl or alkynyl; 

-C(0)R M , wherein R" is selected from 
hydrogen , alkyl , substituted alkyl , alkoxy , 
alkylamino , alkenyl , substituted alkenyl , 
alkynyl, substituted alkynyl, aryl, substituted 
aryl, aryloxy, arylamino, alkylaryl, substituted 
alkylaryl, arylalkyl, substituted arylalkyl, 
heterocyclic, substituted heterocyclic or 
trif luoromethyl, provided, however, that the 
carbonyl functionality is not conjugated with an 
alkenyl or alkynyl functionality; 

-OR 1 9 9 , wherein R 1 • 1 is selected from 

h Yf|^|^' WjL ^|st^ sy^loa^l, 
cycloalkyl, 




35 



substituted 

alicgfifi, aliqri^i, B^tl^fd' alkMi, aryl 



substituted 



tor.* i 



substituted 
alkylaryl, a^alfcyl, 



aikylsulf onyl or afylsurf 



£ 

ai%ie^yi, 

cgMl,, heteroc yclic. 



lv:"' r *w 



an aik nyl or |M, fuhoti^|itol 

v«ern !af^r ' « fiilJgWSIfj 



with ^ Yil^srsiiy 

as def in d above, r each R* ' ' and the N t which 
they ar attached can cooperate to form a 4-, 5-, 
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6- or 7-membered ring; provided, however, that 
the -NR ' 1 1 2 functionality is not conjugated with 
an alkenyl or alkynyl functionality; 

-SR' ' ■ ■ , wherein R 1 1 1 • is selected from 
hydrogen, alkyl, substituted alkyl, alkenyl, 
substituted alkenyl , alkynyl , substituted 
alkynyl, aryl, substituted aryl, alkylaryl, 
substituted alkylaryl , ary la Iky 1 , substituted 
arylalkyl, heterocyclic, substituted heterocyclic 
or trif luoromethyl, provided, however, that the 
-SR 1 • • • functionality is not conjugated with an 
alkenyl or alkynyl functionality; or 

-SiR* • • 1 ' 3 , wherein R* 1 1 ' 1 is selected from 
alkyl or aryl, and the like. 



15 In addition, R 5 ' can also be alkylene, substituted alkylene, 
arylene, substituted arylene, and the like, so that the 
resulting compound is a polyfunctional species, bearing two 
or more of the substituted pyridyl structures contemplated 
by structure I. Thus, R 5 serves as a bridge or linking 

20 moiety to couple two or more of the substituted pyridyl 
structures contemplated by structure I in a single 
compound. 



25 



30 



Presently preferred R groups include ^^^ ^{g^ 
2-hydroxyetfryl, SetSbj^gthyl, S^^iEyiP&H 



methyl , 
2 -hydro: 



3 -hydroxypheny 1 , 3 -hydroXy-4 -substituted phenyl 



Substituted 



the sv^gSt ion !^ : :-?.fflpi " 

B «lii^|P tr "Sip; ■ Wj^r i 4r 

(-(m 2 -l^-$fo)-ft, therein R is 'M^cSgS 



lower alkyl) , sulf onarald s (^ti&SffflQBpl 
defin d dm ) , IS^thVtlfee . 




WO 96/31475 



PCT/US96/D5078 



17 

In accordanc with another preferred asp ct of 
the present invention, R 5 is an optionally substituted 3- or 
4-hydroxyphenyl species. Thus, 3-hydroxyphenyl moieties, 
as well as 3 -hydroxy-4 -substituted phenyl moieties are 
5 preferred herein, wherein the optional substitution is 
methyl, chloro or fluoro. In addition, 4-hydroxyphenyl 
moieties, as well as 3-substituted-4-hydroxyphenyl moieties 
are also preferred herein, wherein the optional 
substitution is methyl, chloro or fluoro. 



10 Presently preferred compounds of the invention 

are those wherein R 2 is hydrogen; wherein R* is hydrogen, 
aryl, alkoxy or aryloxy; wherein R 5 is selected from alkynyl 
(with ethynyl being especially preferred), aryl, 
substituted aryl (wherein substituents on the aryl ring are 

15 independently selected from one or more of bromine, 
chlorine, fluorine, phenyl, methoxy, hydroxy, 
mercaptomethyl and trif luoromethyl substituents being 
especially preferred), trialkylsilyl, arylalkyl, 
arylalkenyl or arylalkyny 1 ; wherein R* is selected from 

20 hydrogen, chlorine, amino, alkyl or alkoxy (with hydrogen, 
methyl or methoxy being especially preferred); and wherein 
R* is hydrogen or methyl. 




hydroxyalkyl, fluoro or aryl), B and R B combined - 
-CH 2 CH 2 CH 2 CH 2 - . Z «= not pres nt, and R 2 , r\ R s and R 6 = 
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hydrog n. Additional preferred compounds of the invention 
include those wherein A «= -CH 2 -, B = -CH 2 CH 2 -, -CH 2 CH 2 CH 2 - or 
-CH 2 CH 2 -C(0)-, Z = phenyl, substituted phenyl, furanyl or 
substituted furanyl, imidazolyl, 6r 3, 4-benzopyrrolidine, 
5 R a = hydrogen or methyl, and R z , R*, R 5 , and R 6 = hydrogen; 
as well as compounds wherein A and B combined = 
-0-CH 2 CHCH 2 CH 2 CH 2 -, thereby forming a ring including A, N* 

and B, Z = not present, R a « methyl, and R 2 , R 4 , R 5 , and R 6 
10 are independently selected from the group set forth above, 
with the proviso that R z , R*, R 5 , and R 6 are not hydrogen, 
alkyl, alkoxy or halogen. 

Still further preferred compounds contemplated 
for use in the practice of the invention include those 

15 wherein A « -CH 2 - or -CH 2 CH(CH 3 )-, B = -CH 2 -CeC-, Z « 
hydrogen, R* = methyl, and R 2 , R 4 , R 5 , and R 6 - hydrogen; as 
well as those wherein A « -CH 2 - , B « -CH 2 -CH~C(X) wherein 
X is selected from hydrogen, lower alkyl, substituted 
alkyl, cycloalkyl, substituted cycloalkyl, hydroxyalkyl , 

20 778halogen (especially f luoro) , aryl, substituted aryl, 
alkylaryl, substituted alkylaryl, arylalkyl, substituted 
arylalkyl , heterocyclic, substituted heterocyclic , 
aryloxyalkyl, or -OR x , wherein R x is lower alkyl or aryl, Z 
- lower alkyl, ^yili^^^ir ' *$3MfaM , cyaho, 

25 cyanoiifetM, : oliic^^ 

aryl, aryi?o*W alJkyl tir 

aryl, It is 

p£feferrer«^ -Oil*. 

or -dftfiH 2 ^M > * 

as w 11 -as 

-CH(CH 3 )-, or -(cyclopropyl)-, Z - hydrog n, R* = hydr g n 
35 r methyl, and R 2 , R 4 , R 5 , and R 6 - hydrogen* 
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Additional preferred compounds of th inv nti n 
include those wherein A - -CH=CH-CH 2 -CH 2 - , B « -CH 2 -, Z - 
hydrogen, R a » hydrogen, R 5 - - c ■ C - R 5 ', wherein R 5 ' is as 
defined above (with hydrogen, methyl, ethyl, propyl, 
hydroxymethyl, 1-hydroxyethyl, 2-hydroxyethyl , 
methoxymethyl, 2-hydroxy-2-isoprbpyl, dimethylaminomethyl , 
phenyl, substituted phenyl (e.g., 3-hydroxyphenyl , 
3 -hydroxy-4 -substituted phenyl (wherein the substitution is 
methyl, chloro or f luoro) , 4 -hydroxy phenyl, 

3- substituted-4-hydroxyphenyl (wherein the substitution is 
methyl, chloro or f luoro) , amides (-CH 2 -NH-C(0) -R, wherein 
R is selected from hydrogen or lower alkyl) and 
sulfonamides (-CH 2 -NH-S0 2 -R, wherein R is as defined above) 
preferred) or R 5 = 3-hydroxyphenyl, 3 -hydroxy-4 -substituted 
phenyl (wherein the optional substitution is methyl, chloro 
or f luoro), 4 -hydroxy phenyl, or 3-substituted- 

4 - hydroxy phenyl (wherein the optional substitution is 
methyl, chloro or f luoro) , and R 2 , R*, and R* = hydrogen; as 
well as compounds wherein A and B combined = -0-CH 2 CH(CH 2 ) w -, 

wherein n is 3 or 4, Z = hydrogen, R* = hydrogen, R 5 - 
- C ■ C - R 5 ', wherein R 5 ' is as defined above (with 
hydrogen, methyl, ethyl, propyl, hydroxymethyl, 
1 "S2 f 2^'*^SSi 2-hydroxyethyl , methoxymethyl , 2 rhydrox^-2 - 

imihoroethyl, phenyl, substituted .phenyl 
Wl, 3-nya^o^^iiaii^|bd phenyl 
pt?€tfi£ioh is meinyi, chloro or f luoro) , 
ft, 3-substituted-4-hydroxyphenyl (wherein the 
s ~n(e%livl. chloro or f luoro) , amides 




!h R is seaeeeetf ' W6m« hydiiSol 

mum* (^^^/ i^ii"R is 



is ■ $r%f irrid) or ' # 
v 'ed phenyl (wherein the optional 



3 -hyd£oxyphenyl , 



?1, chlbro or f luoro), 4 -hydroxy phenyl , 
l-hydroxyph nyl ( wherein th" opti nal 
Bubmi€ti€i6h is methyl, chl r 



r fluoro), and R 2 , R*, and 



hydrog n. 
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Invent! n compounds have affinity for 
acetylcholine receptors. As employed herein, the term 
"acetylcholine receptor" refers to both nicotinic and 
muscarinic acetylcholine receptors. Affinity of invention 
5 compounds for such receptors can be demonstrated in a 
variety of ways, e.g., via competitive radioligand binding 
experiments in which the test compounds displace 
isotopically labelled ligands (such as nicotine, cytisine, 
methylcarbamylcholine, quinuclidinyl benzilate, and the 

10 like) from binding sites in mammalian cerebral membranes. 
Furthermore, the binding of compounds to acetylcholine 
receptors can be evaluated as a functional response. For 
example, the activity of invention compounds can be 
evaluated employing functional assays based on recombinant 

15 neuronal acetylcholine receptor expression systems (see, 
for example, Williams et al., Drug News & Perspectives 
7:205-223 (1994))* Test compounds can also be evaluated 
for their ability to modulate the release of 
neurotransmitters (e.g., dopamine, norepinephrine, and the 

20 like) from rat brain slices (e.g., striatum, hippocampus, 
and the like) . See Examples 14 and 15 for further detail 
on such techniques. Moreover, test compounds can also be 
evaluated by way of behavioral studies employing animal 
.m^de^..:.pf. various X3J&, .autonomic,. <andL ^zrdioyaecular 

25 ^ ia jLgp^jags icsee, for pV&mpir §ng SmJ^h, J. 

^hgpgp<?^.. mp. 2$er,. 2x^74-7? mm) imm&p* J * 

^ixmcol. Exp. ther. 251:412-421 (1989) for animal models 
3^ $S&n; KlookgSther and Turski, Ann. -Neurol. ££#539^546 

iiS^r * coipp^Ft, e. , m^mp^^gm^Wf • pkihw 

fX^^fi Uh^#»€eat ariia j^buBhkftb 

Von Vc&gt lander and ftMSv y ^00^^0^^t&0 
lgpi-462 (1973), Ungerst^at et al., Mv. ^&*&SL. £r«57- 
(1973), Aibanese 6t al., ^mm^m^ M«*?t*fc$2 
Janson t al., Clin. Invest:*?. 232*238 (I9fc2) , 
35 Sundstrom et al., Brain Res. 528:181-188 (1990), Sersh n et 
al-, Pharmacol. Biochem. Behav. 2£:299-303 (1987) for 
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animal models of Parkinson's disease; Williams et al., 
Gastroenterology 24:611-621 (1988), Miyata et al., J. 
Pharmacol. Exp. Ther. 2£l:297-303 (1992), Yamada et al., 
Jpn. J. Pharmacol. 58 fsuppl.m ai (1992) for animal models 
5 of irritable bowel syndrome; Coyle et al., ffeuroJbehav. 
Toxicol. Tetatol. 5.: 617-624 (1983), Schartz et al., Science 
21£: 316-3 18 (1983) for animal models of Huntington's 
disease; Clow et al., .Euro. J. Pharmacol. 57:365-375 
(1979), Christensen et al., Psychoparmacol . 4j»:l-6 (1976), 

10 Rupniak et al., Psychopharmacol . 22:226-230 (1983), 
Waddington et al., Science 210:530-532 (1983) for animal 
models of tardive dyskinesia; Emerich et al., Pharmacol. 
Biochew. Behav. 32:875-880 (1991) for animal models of 
Gilles de la Tourette's syndrome; Brioni et al., Eur. J. 

15 Pharmacol. 228:1-8 (1993), Pellow et al., J. Neurosci. 
Meth. 14:149 (1985) for animal models of anxiety; and 
Estrella et al., Br. J . Pharmacol 22:759-768 (1988) for the 
rat phrenic nerve model which indicates whether a compound 
has muscle effects that may be useful in treating 

20 neuromuscular disorders) . 

Those of skill in the art recognize that 
invention compounds may contain one or more chiral centers, 
and thus can exist as racemic mixtures. E6r many 
applications, it is preferred to carry out stereoselective 
25 syntheses arid/or to subject the reaction ' : <^SjBiw3& 
appropriate purification steps so as to 
substantially optically pure materials, 
stereoselective • fgf^g^d ; &0tf 

30 procedures f?r purifying radepic 
pure fractions. 

In accdtdiStioe with still atit&KSf' 
the present invention, there are provided methods for the 
preparation of pyridine compounds as described abov . For 
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example, many of the pyridine compounds described above can 
be prepared using synthetic chemistry techniques well known 
in the art from the acyl pyridine precursor of Formula II 
as outlined in Scheme I. 

Scheme I 



Step A 



R 4 



0 

10 Ri ^,C* 



<L | 2 + n"h 2 bz 



15 II 
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Step C 

R 4 R 

^C s ^ ^C 1 ^ — B — Z 

IV Alleviation I || I 

^ c c J 

R 6 ^ %N'^ \r 1 
V 

In the above scheme, R 2 , R*, R 5 , R 6 , R s , B and Z 
are as defined above, and R is selected from hydrogen, 
alkyl, alkoxy (of a lower alkyl group), mercapto (of a 
lower alkyl group), aryl, heterocyclic, trif luoromethyl, 
cyano, carboxyl, carbamate, sulfonyl, sulfonamide, and the 
like. 



In step A of Scheme I, formyl or acyl pyridine of 
Formula II is coupled with an amine having the general 
formula n'HjBZ to produce an imine of Formula III. This 
coupling reaction is promoted by a suitable catalyst, such 
as, for example, titanium tetrachloride, 
par^toluenesulfonie^acid,. and ,..^e*4*ifce*. The .presently 
preferred eataly;6t;.: | |i ^^ present 
invention is i 



typically carried 



mi 




coup 

\ . ., , .... 

temperatures . 

range of about -78 °C up to reflux. Temperatures in th 
range f about -78 °C up to arobi nt ar presently preferred. 



reaction is 
such as , for 
Aether,, tei^t^utyl 
|fjfe t and the like, 
^practice of the 
$j^e$hane • The 
; F a wid rang of 
temperatures fall in th 
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R action times requir d to effect the desired coupling 
reaction can vary widely, typically falling in the range of 
about 15 minutes up to about 24 hours. Preferred reaction 
times fall in the range of about 4 up to 12 hours. It is 
5 not necessary to purify the product of the above-described 
coupling reaction (i.e., compound of Formula III), and the 
resulting reaction product is typically subjected directly 
to the reduction step described below as step B. 



10 



15 



20 



25 



30 



In Step B of Scheme I, imine of Formula III is 
reduced to produce the 'secondary amine IV. The desired 
reduction is typically effected by contacting imine with a 
suitable hydride source (e.g., sodium borohydride, sodium 
cyanoborohydride, lithium aluminum hydride, sodium 
tr i ace toxy borohydride, lithium tri-tert-butoxy aluminum 
hydride, sodium trimethoxy- borohydride, diisobutylaluminum 
hydride, formic acid, and the like) or by contacting the 
imine with hydrogen in the presence of a transition metal 
catalyst (such as, for example, palladium on carbon, Raney 
Nickel, platinum oxide, tris(triphenylphosphine) rhodium (I) 
chloride (i.e., Wilkinson's catalyst) , palladium hydroxide, 
and the like) . Presently preferred reducing conditions 
comprise treating imine III with sodium borohydride in a 

mm&^&m$^^H** *mmtu**t*te- *m+ or sodium 



a fij|^!£ . sojLyerit system, at a 
in, £h£ t 6f j^Ut: -60*C up to 




l^gule* for in tihte range of about 1 up 
z.ed by thb&e of skill in the arit, 
lucing agent, reaction time, reaction 



ind on the 



if tpp* win m 

3M#uii' III which is bi$ngi treated 



, Amines of formula IV 
one si p by contacting th 



can 

f fcmyl 



be 
r 



acyl pyrJ 
cyanoborohydride 



an amine in the presence of sodium 
and a catalytic amount of acid (e.g.. 
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glacial acetic acid) in a suitabl solvent (such as 
acetonitrile) . 

Secondary amines of Formula IV can then be 
recovered from the reaction media by basif ication, followed 
by extraction, filtration, and the like. Purification can 
be achieved by a variety of techniques, such as, for 
example , chromatography , recrystal 1 i zat ion , distillation , 
and the like* If desired, secondary amines IV can be 
further converted into acid addition salts. 



10 



15 



20 



25 



Since secondary amine IV may have a center of 
asymmetry, reagents for the above-described reduction 
reaction can be chosen so as to promote selective reduction 
to produce amine IV which is substantially enriched in one 
of the possible enantiomers. In some instances, by 
judicious choice of reducing agents, each of the possible 
enantiomers can be prepared in high optical purity. For 
example, chiral borohydride reducing agents can be 
employed, as described, for example, by Yamada et al. in J. 
Chem. Soc, Perk. 1 265 (1983),. Kawate et al., in 
Tetrahedron Asym. 2, 227 (1992), Mathre et al., J. Org. 
Chem. 58:2880 (1993), or Cho and Chun in J. Chem. Soc. 
Perk. I 3200 (1990) . Alternatively, catalytic 

. $^^8B^?#*4 : ? n iri -pMSfBnoe .of ..QjtaAp^^ can ibe 

. ^j^l iyedr as.vdesicribed, fo? example f by^K-i^aniura t al w in 
i: chem * 51*297 (1994), Burk et al* , in Tetrahedron 

Mtm*9 (1994), Burk et al, in J. Am. Ghent. Sop. aafo t-iQflfrS 
IjMjfl * Will©^]^ and Bu©^ft|d ^^j^^m^^ W?<$$<7 
j) r or WdllfcugKby effid mmWW m^&. Gtim. Sem. 

1^62 . as $0 .mmm : ^^^mu^ 

enantiomers of oofflpounds of ^|^U^- '.# 
^ic?ia^^ can be p2^itt^a;% 4^MI|H^ 
i&Om rs by select iv ox^s taa Id^tion of *a m4fflig9& 
enantioroer in the presence of an optically pure acid 
addition salt. Such methods are well known in the art, 
35 such as, for example, th preparati n of optically pure 
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addition salts with each isomer of tartaric acid, tartaric 
acid derivatives, and the like. Another method which is 
widely used in the art involves the preparation of 
diastereomeric derivatives of racemic amines (e.g., 
5 a-methoxy-ar-(trif luoromethyl) phenylacetic acid (i.e., 
Mosher's acid) amide derivatives). The resulting 
diastereomeric derivatives can then be separated by well 
known techniques, such as chromatography. 



The separation of the respective enantiomers of 
10 a racemic mixture can be accomplished employing 
chromatographic techniques which utilize a chiral 
stationary phase. Examples include chiral gas 

chromatography (chiral GC) , chiral medium performance 
liquid chromatography (chiral HPLC) , chiral high 
15 performance liquid chromatography (chiral HPLC) , and the 
like. 

For compounds of Formula I, where R* is not 
hydrogen, alkylation step C of Scheme I is carried out. 
Those of skill in the art can readily identify suitable 

20 N-alkylation reactions suitable for such purpose. For 
example, secondary amine of Formula IV can be contacted 
with an aldehyde (e.g., formaldehyde, acetaldehyde, 
benzaldehyde, and the like) in the presence of a *^^^e 
reducing agent (such as the reducing ageites d^ 

25 with t^^^^ ^^^^ . " ■ 

The substituted amines of Formula I 
the above-dp^^ 

isolated and ®arM iJe$ p^^ying at|at1i^^ 
well known in tlH^ mrt f^^g. ., eKfei*#|^^ 
30 distillation, arid the like) . A if^f^jj^^ 



t chniqu for r Cov try f r; action ' pr^dta£fe'*i# '&#pi| 




amine 1 f r m basif I'd' reaction ftSdlftMl 
Alternatively, crude amine can be converted into an acid 
addition salt ( .g., hydrochloride, hydrobr oroide, fumarat , 
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tartrate, and the like) , then purified by 
recrys tal 1 izat ion . 

Alternative methods for the preparation of 
compounds of Formula I are depicted in Schemes II and III, 
which involve reductive amination, either of ketone VII 
with pyridylamine VI (as illustrated in Scheme II) , or of 
pyridylketone IX with amine X (as illustrated in Scheme 
III) . 

'Scheme II 



R* ^>CV A — fTHR" 



I 



2 



20 VI 



+ — Z 

II 

o 

VII 



R 4 

L ■ ^ 



25 ^C'^ 



Reaction 



30 R* ^N 1 ^ ^-R a 
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R 4 




Thus, according to Scheme II , ketone VII is 
coupled with pyridylamine VI under reductive conditions 
which afford I without the need to isolate the intermediate 
imine VIII. In Scheme II, the core of ketone VII (i.e., 
15 R 9 -C(0)-Q-) represents a particular embodiment of B, as 
defined above. Thus, R 9 and Q are selected such that the 
moiety "R 9 -C(0)-Q-" falls within the definition of B as 
provided above. 

Scheme III 



20 



25 



R 4 

I u * 



— B 



30 
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Thus, according to Scheme III, pyridylketone IX 
is coupled with amine X under reductive conditions which 
afford I without the need to isolate the intermediate 
imine. In Scheme III, the substituent at C 3 of the pyridine 
5 ring of pyridylketone IX (i.e., -Q-C(O)-R) represents a 
particular embodiment of A, as defined above. Thus, Q and 
R are selected such that the moiety M -Q-C(0)-R M falls 
within the definition of A as provided above. 



The reductive amination coupling reaction 
10 referred to in Schemes II and III is well known and can be 
achieved in a variety of ways. For example, a solution of 
the appropriate ketone (VII or IX) and amine (VI or X) , 
respectively, in suitable solvent (e.g., CH 3 OH or 
acetonitrile) is acidified to a pH of about 3 with suitable 
15 acid (e.g., acetic acid), and cooled to about -40°C. After 
20 minuteB, solid sodium borohydride is added portionwise 
to the solution. When all of the sodium borohydride has 
been added, the reaction is allowed to run to completion 
(over a range of about 30 minutes up to 24 hours, typically 
20 for 1-3 hours) . The cooling bath is removed and the 
temperature of the reaction mixture allowed to rise to room 
temperature . 

Aqueous ibase , such as sodium carbonate, is added 
to thie riftif^^ to increase the £H to about 9 -TO . 

25 Arrtiifce ^ifr * isolafcfcd by normal solvent 

extractM ^ by #ti6nq^i^ : in 

soma ca^^^^^^^p^^fl 14. facilitated by conversion at X 
to vi-M. ^ (t;g , ihaleftee fifid ' f umarate 

al%eimate reducing -4geht to 
30 s^i^^^^^^^^^^^^^^th cyariofcorohydrMe Boroh, 
Be*$^^ Gto. Sbc. ^:2897 (1971) ) . 

reductive amination procedure 
us s hydrogen as the r ducing ag nt in th pres nee of a 
transition metal catalyst, such as Pt0 3 or Pd/C. As r adily 
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recognized by those of skill in the art, the choice of 
reducing agent will often be determined by the presence (or 
absence) of other functional groups in I. 

Yet another method for the preparation of 
5 compounds of Formula I (specifically compounds wherein A = 
CH a ) is depicted in Scheme IV, involving reaction of 
carboxypyridine XI with amine X, to form an amide, which 
can then be reduced to produce pyridylamine XIII, as 
follows : 

10 Scheme IV 

Step A 




XIII 
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10 



Thus, according to Scheme IV, compounds d scribed 
by Formula I in which A = CH 2 can readily be prepared from 
a variety of nicotinic acid derivatives (XI) . Referring 
now to Step A of Scheme IV, amide bond formation between 
acid ZI and amine X can be accomplished by a variety of 
well-known procedures. For example, the acid functionality 
of XI can be converted to an acid chloride (for example, by 
treatment with oxalylchloride) , then the resulting acid 
chloride is contacted with amine X in a neutral solvent 
(e.g., TOP or CH 2 C1 2 ) , with or without added base. The 
resulting amide XII can then be purified by standard 
methods such as chromatography, recrystallization, and the 
like. 



15 



20 



Reduction of the amide functionally in XII is 
typically achieved by the use of a hydride reducing agent, 
such as, for example, lithium aluminum hydride, 
diisobutylaluminum hydride, diborane or a diborane complex, 
and the like. The reaction is typically performed in an 
aprotic solvent, such as, for example, diethyl ether, THF, 
hexane, toluene, CH 2 C1 2 , and the like, as well as mixtures 
thereof. Reaction temperatures vary from about -78°C up to 
solvent reflux, and reaction times vary from about 15 
minutes to 24 hours. The choice of reducing, - a^ent , 
solvfeht, reaction t^erktiire , and reaction time de^Ms 



25 upon the presence aM nature of other fiiiictionai g^pfe 



Which iftay he <<!^pS$ 



Still another method for the 

coupling of 
30 follows: 
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Scheme V 



10 



R s . 



R* 

I 



XXV 



.OH 



HO — Q 



N* — B — Z 

I. 



XV 



15 



20 



Mitsunobu 



Coupling 



R* 



C 

I 



II 



N 



B — Z 



XVI 



In Scheme V, the preparation of compounds of 
Formula I having an oxygen atom bridge between the pyridine 
ring and the side chain is described. Indeed, the use of 

25 the Mitsunobu reaction to prepare 3-oxopyridine derivatives 
has- ^en.^scri^d .in. ,the.^^ejrit.^^ 
al., tp 94/08M2). In. .Scheme V. thygg^ 
are dissolved in a suitable solvent 
tHf) and then treated wi'th triphehyf 

30 #K^#fl^ri{ii!it . 4$ • ailliili' -if* 



35 



vet iifiM 




exocyclic olefin is present in A, is depicted in Scheme VI, 
involving r acti n of substitut d pyridin XVII with acid 
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XX, to form amide XVIII, which is then reduced to produce 
pyridylamine XIX, as follows: 

scheme VI 

Step A 



5 




XVII 

XX 




in one step from substituted pyridine XVII by reductive 



amination of ketone XXI with XVII, as follows: 
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Scheme VII 



10 




XVII 



NHR° 



,Q' Z 

II 
0 

XXI 



15 



20 



Reductive 



Amination 




XIX 



25 Thus, Schemes VI and VII provide methodolgy for 

use in the preparation of compounds of Formula XIX, i.e., 
compounds of general formula I which contain an exocyclic 
double bond as .part of moiety A. Synthetic methods useful 



for €M ' ip J |pj£l^ A#ft of substitutied allyaamiries 'ftVS* 

30 <9oW^^^MU^m ! - ' "li ! '^t ' 'ptai^c's- m ' ^ *isss*»t 

' " ~ art (IHf WW 



35 




J|fc 186 (198%); and' McDonald et a(L . , 
Wffa ( 198*5) ) . As shown in Soliils 
atfylimflne f?fr^# *1 




tp $wo stip^<r^irp^ii|^i 



Yet anoth r meth d for the preparati n of 
40 compounds of Formula 1 is depicted in Scheme VIII, wherein 
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hydroxypyridine XXII is activated with a suitable 
activating agent, then the resulting activated compound 
XXIII is subjected to nucleophilic displacement conditions 
in the presence of amine X, thereby producing compound I. 



Scheme VIII 



Step A 



20 



25 



I 

10 ^C 5 *" ^C s ^ ^CHOH 

I II 1 

£6 £2 R + Activating agent 

R«"^ ^N l/ R 1 

15 XXII 



R* 

R* J\ 
\ c s^ C 1 ^-CH-CAct" 

I 



ti* ^R 2 



R 
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In Schem VIII, starting alcohol XXII is select d 
such that -A'CH(R) - «= A in the final product I. Conversion 
of XXII to I can be achieved in some cases by a Mitsunobu 
reaction (as described above with reference to Scheme V) , 
5 or, preferably, in two steps incorporating an activation 
reaction, followed by nucleophilic displacement (assisted 
by the presence of an activating group "Act"). Suitable 
activating groups include trif luoroacetate, mesylate, 
triflate, and the like. Typically, XXZI is dissolved in an 

10 aprotic solvent such as THF at temperatures from -78 °C to 
ambient temperature, usually in the presence of a suitable 
base such as trialkylamine, especially triethylamine, or 4- 
dimethylaminopyridine. The anhydride, or chloride 
derivative of the activating group (e.g., trif luoracetic 

15 anhydride, mesylchloride, and the like) is added slowly to 
the reaction flask. When the addition is complete, the 
reaction is allowed to proceed at ambient temperature for 
about 30 minutes up to 12 hours, typically l hour. The 
resulting activated intermediate XXIII can be isolated and 

20 purified, or used directly without purification in the next 
step. 



. 7. ' r-» •* • 



Thus, XXIII is dissolved in an aprotic polar 
solvent such as Acet^n^ and 009^ 

Q^|orwlly, #,£a|$^ or Mr^^yA^m- 

25 which serves to accelerate the reaction. The nucleophiddr 
Lacement reaction occurs at about ^30 °c t£ l #^|jt^; 
Lc&lly at £5^f^ f 
2-8 hours, to .f|p|i, <?||^^49n. f^|ft %. mm.. #f^|" ' 



30 



It is readily 




art that other aotlxmfe^ 
facilitate the ^dy|^^p|^| col 



35 



fch hydroxy 1 group >' Tri fffltl can 
pr f rably bromine or iodin , prior to the displacement 
r acti n. 
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2 4 5 6 

When any one or more of R , R , R or R of 
compounds of Formula I are reactive substituents (e.g., 
bromine, iodine, trif luoromethylsulf onyloxy , and the like), 
it is possible to further modify such compounds taking 
advantage of the presence of the reactive functionality. 
One such modification is shown in Scheme IX. 

Scheme IX 



I 

10 Z'^ A — N° — B — Z 

C c I Coupling > 

II R " 



R« ^ N l ^R J 



15 XXIV 



20 



R 4 



1 



ii. 



N° 
I 

R" 



— B 



In Scheme IX, the startingpmf? 
25 a compound of the Formula XXiy {i.e. 
to formula I, wherein R 5 is Z', whj 



Active 



tpifj^ss^^i^x^^mf^ ana 

30 aeMIrea f insl p^«mri:jffl' : 
s«Ph products pan fe pfgip- 
organora tallic procedur s, 
coupling an arylzinc compound (pr par d by reaction of an 
arylbr mid with an alkyllithium r agent such as n- 
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butyllithium, t rt-butyllithium, foil w d by addition of 
zinc chloride) with compound of Formula I r wherein R 5 is Z' 
in the presence of a catalytic amount of a suitable 
coupling catalyst (e.g., PdCl 2 (PPh 3 ) 2 , and the like) in a 
5 suitable solvent such as toluene, dimethylforroamide, THF, 
and the like. Suitable reaction temperatures fall in the 
range of about 0°C to 140°C (with temperatures in the range 
of about 0°C up to 80°C being preferred), with reaction 
times in the range of about 4 up to 24 hours. 



10 



15 



20 



25 



30 



Similarly, coupling procedures can be used to 

2 4 5 6 

prepare compounds of Formula I in which R , R , R and R are 
independently alkyl , alkenyl , alkynyl , arylalkyl , 
alkylaryl, and the like. An alternative method to promote 
the desired coupling reaction employs organoborane 
chemistry, wherein arylboronic acids, in the presence of a 
suitable catalyst (e.g. , Pd(Ph 3 ) 4 ) in basic aqueous 
d i me thoxy ethane are coupled with compounds of Formula XXIV 
wherein one or more of R 2 , R 4 , R 5 and R 6 is Z*. The reaction 
is typically carried out at a temperature in the range of 
about 40°C up to 150°C (with a temperature in the range of 
80 °C being preferred) , for a time in the range of about 1 



up to 24 hours (with 
Arylboronic. aGidB ^areji. 
readily obtadned^by^ 

It is also, 
the art that t:he. 
will be determi 




about 8 hours being preferred) • 

can J>e 



$6 those of skill in 
tfcar r#§ction scheme 
||l^^ctiYJL^y of 
.the compounds 
a yariptjy of 
diasteromeric 
invention relates to 



individual 



d, numerous 



rs. When 
well known 



procedures can be employed to either synthesize th desired 
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isomer in a stereospecif ic manner, or to separate the 
isomers at an intermediate or final stage of the synthesis. 



The starting materials used in Schemes I-IX are 
either known compounds and/or can readily be made from 
5 known compounds employing well known chemical procedures. 
For example, the pyridine-containing starting materials can 
be prepared from appropriately substituted derivatives of 
nicotinic acid, nicotinamide, pyridine- 3 -acetic acid, and 
the like. 



10 In addition to the above-described synthetic 

procedures, those of skill in the art have access to 
numerous other synthetic procedures which can be employed 
for the preparation of invention compounds. Indeed, the 
literature is replete with methodologies that can be used 

15 for the preparation of starting and/or intermediate 
compounds which are useful for the preparation of invention 
compounds (e.g., compounds having formulas II, VI, IX, XI, 
XIV, XVII, XXII, and the like). Such starting and/or 
intermediate compounds can then be modified, for example, 

20 as described herein , to introduce the necessary 
substituents to satisfy the requirements of Formula I. 



Ih accordance with another, embodiment of the 
present i nvent ion there are provide d y phai^aGeutical 
dBSi^rea^^' BS^fis^g pyridine aolfMnds as described 
*ln ^conciliation with pharftaoeutically acceptable 
(Optionally, invention coxapounds can be converted 

jfit^ A ^^^^ <. # iW 

Thus, the atoo^^ 
"combination with pfiara^^^cilliy acc'^fiMe 
in the manufacture of a medicament 




activity of ace^icholine receptors. 



Pharmaceutically acceptable carriers contemplated 
for use in the practice of the present invention include 
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carriers suitable for oral, intravenous, subcutaneous, 
transcutaneous , intramuscular , intracutaneous , inhalation , 
and the like administration. Administration in the form of 
creams, lotions, tablets, dispersible powders, granules, 
5 syrups, elixirs, sterile aqueous or non-aqueous solutions, 
suspensions or emulsions, patches, and the like, is 
contemplated . 



For the preparation of oral liquids, suitable 
carriers include emulsions, solutions, suspensions, syrups, 
10 and the like, optionally containing additives such as 
wetting agents, emulsifying and suspending agents, 
sweetening, flavoring and perfuming agents, and the like. 



15 



20 



25 



For the preparation of fluids for parenteral 
administration, suitable carriers include sterile aqueous 
or non-aqueous solutions, suspensions, or emulsions. 
Examples of non-aqueous solvents or vehicles are propylene 
glycol, polyethylene glycol, vegetable oils, such as olive 
oil and corn oil, gelatin, and injectable organic esters 
such as ethyl oleate. Such dosage forms may also contain 
adjuvants such as preserving, wetting, emulsifying, and 
dispersing agents. They may be sterilized, for example, by 
filtration through . a baGteria-^et^dning filter, by 
4^»#ating ^r|^||i^^|^|s into the q^|pHiidns, |/ 

compositions. They can also be manufactured in the f ofm of 
sterile water, or some other sterile injectable medium 
immediately before u#e. 

Invention cq|^^|^s can <pti<^|d^y %& cbhy^r^^ 
into non-tox£c *<&f ^^Mo|i s&lll. ' "WKF sSft^HW* 



generally 
invention 



with a 



by reacting tne 
suitable organic 



or 



S"*^r^sentative salts 
hydrobromide , sulf at 



include 
bisulfat 



compounds of 

acia. 

, m thanesulf nate, 




acetate , oxalate , valerate , oleate , laurat 



borate, 
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benzoate, lactat , phosphate, tosylate, citrate, maleate, 
fumarate, succinate, tartrate, napsylate, and the like. 
Such salts can readily be prepared employing methods well 
known in the art. 



In accordance with yet another embodiment of the 
present invention, there are provided methods of modulating 
the activity of acetylcholine receptors, said method 
comprising: 

contacting cell-associated acetylcholine 
receptors with a concentration of a pyridine 
compound as described above sufficient to 
modulate the activity of said acetylcholine 
receptors. 



As employed herein, the phrase "modulating the 
15 activity of acetylcholine receptors" refers to a variety of 
therapeutic appl icat ions , such as the treatment of 
Alzheimer's disease and other disorders involving memory 
loss and/or dementia (including AIDS dementia); cognitive 
dysfunction (including disorders of attention, focus and 



20 concentration) , disorders of extrapyramidal motor function 
such as Parkinson ' s disease, progressive supramuscular 




comedication in surgical procedures, and the like. 
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The compounds of the present invention are 
especially useful for the treatment of Alzheimer's disease 
as well as other types of dementia (including dementia 
associated with AIDS) , Parkinson's disease, cognitive 
5 dysfunction (including disorders of attention, focus and 
concentration), attention deficit syndrome, affective 
disorders, and for the control of pain. Thus modulation of 
the activity of acetylcholine receptors present on or 
within the cells of a patient suffering from any of the 
10 above-described indications will impart a therapeutic 
effect. 

As employed herein, the phrase "an effective 
amount", when used in reference to compounds of the 
invention, refers to doses of compound sufficient to 
15 provide circulating concentrations high enough to impart a 
beneficial effect on the recipient thereof. Such levels 
typically fall in the range of about 0.001 up to 100 
mg/kg/day; with levels in the range of about 0.05 up to 10 
nig /kg /day being preferred. 



20 The invention will now be described in greater 

detail by reference to the following non-limiting examples. 



Synthesis of iriVen 

: „. r .„ T ^,. , 



25 Formation ffff totte. M# 

^ :n'^ir;-«'|f i: " -^rj- r;^-^^wrm^ey- ' 




with a condenBer an< 
k or m^^KyljV 2 • 5 pt/SSS 



^feiSk fitted 
'* wa6 ' placed 
fa, anil R is 
ir (D^lfe) and 

Iftftft & is 



30 1 to 1.5 q of 

selected fr m cyclopropyl, isopropyl or phenylpropyl) . The 
reaction mixtur was cooled to 0°C and 0.2 t 0.5 eq of a 
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1M solution of TiCl 4 in methylene chloride was added. Aft r 
stirring for 30 minutes at 0°C, the mixture was allowed to 
warm to room temperature and stirred for 2 to 6 hours. 
Then phosphate buffer (4 ml/mmole; pH=6.8) was added and 
5 the solution extracted three times with ether. The organic 
phases were combined, washed with brine, dried (MgSOJ and 
concentrated under vacuum (15mm Hg) to give a compound pure 
enough for the reduction step used to prepare the desired 
product. 



10 Formation of inline. Method B; 



Into a two-necked, round-bottomed flask fitted 
with a dry ice condenser and flushed with nitrogen was 
placed compound II (wherein R 2 , R 4 , R 5 and R 6 are each H, and 
R is H or methyl) and 2.5 ml/mmole of dry dimethyl ether 

15 (DME) and cooled to 0°C. An excess of the gaseous amine, 
lftftl 2 (wherein R a is methyl) was condensed into the reaction 
mixture and 0.5 eq of 1M TiCl 4 in solution in methylene 
chloride was added. The mixture was warmed up to room 
temperature and stirred for 2 to 6 hours. Work up was 

20 accomplished following the same procedure described in 
Method A. 



(iii e* 

25 temperature 



7.30 





^(4. bg; 33 .01 mmole) , roethyiamine 
■< Jy ^E Wj?re stirred for 12 h at rqom 
crt?5e material were obtained, 90% 



6.08 (,dt, J=2HZ »nd , 
J, 3-45 (s, 3H), 2.27 (s, 3H) . 
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or-Methyl-N-isopropyl-3-pic lylimine (Method A) 



3-Acetylpyridine 



(l.Og; 



8*26 



mmole) , 



isopropylamine (0.54g; 9.90 mmole) and TiCl 4 (0.5 eq) were 
stirred for 3 h at room temperature. l.lg of crude 
5 material were obtained, 90% conversion, 'h NMR (300 MHz , 
CDC1 3 ) S 8.95 (d, J=2Hz, 1H) , 8.60 (dd, J=2Hz and 5Hz, 1H) , 
8.09 (dt, J=2Hz and 8Hz, 1H) , 7.30 (dd, J=5Hz and 8Hz, IH) , 
3.85 (sept, J«6Hz, IH) , 2.26 (s, 3H) , 1.22 (d, J=6Hz, 6H) . 

or-Methyl-N-cyclopropyl-3-picolylimine (Method A) 

10 3-Acetylpyridine (4.0g, 33.04 mmole), 

cyclopropylamine (2.82g, 49.5 mmole, 1.5 eq) and TiCl 4 (0.5 
eq) were stirred for 3 h at room temperature. 4.85g of 
crude material were obtained, 98% conversion. 1 H NMR (300 
MHz, CDCI3) 6 9.18 (d, J=2Hz, IH) , 8.80 (dd, J=2Hz and 5Hz, 

15 IH), 8.24 (dt, J=2Hz and 7Hz, IH) , 7.43 (dd, J=5Hz and 7Hz, 
IH), 2.87 (s, 3H), 0.95 (m, 4H) . 

N-Cyclopropyl-3-picolylimine (Method A) 



3-carboxyaldehyde pyridine (6g, 56.01 mmole) , 
^op^£py^mine (A • 8g, 84 . 01 .mmole, 1.5 ~ggi) »nd -TiCl A (0 . 1 



rred for 3 h at room t mperature. 2.2 g of 



crude material were obtain d, 95% conversion. H NMR (300 
30 MHz, CDClj) S 8.86 (d, J - 2h*Z, IH) , 8.65 (dd, J = 2H2 and 
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5Hz, 1H), 8.31 (s, 1H), 8.11 (dt # J ■ 2Hz and 7Hz, 1H) , 
7.38 - 7.16 (m, 6H), 3.69 (in, 2H) , 2.72 (m, 2H) , 2.04 (m, 
2H) . 

Reduction of inline to amine. Method c; 

Into a one-necked, round-bottomed flask was 
introduced imine, sodium cyanoborohydride (2 eq) , methanol 
(lml/mmole) and a trace of bromcresol green indicator. To 
this blue solution was added dropwise 2H HC1 in dioxane 
such that the yellow end* point was barely maintained. The 
resulting yellow solution was stirred 20 minutes at room 
temperature followed by addition of 2M HC1 in dioxane (half 
of the quantity used previously) . The resulting solution 
was stirred for one more hour at room temperature and 
concentrated under reduced pressure. To the resulting 
crude material was added water (2ml/mmole) . The solution 
was basified with aqueous NaOH (IN) and extracted three 
times with methylene chloride. The organic layers were 
combined, dried (MgSOJ and concentrated under reduced 
pressure. The crude material was purified via 

chromatography on silica using CHC1, or CHCl 3 /MeOH (99:1) as 
eluant . 



a-Methyl-N-methyl-3-picolylatnine (Method C) : 




dihydr bromide product were obtain d, 81% yield. 'h NMR 
(300 MHZ, CDjOD) S 9.11 (s, 1H) , 8.9 (d, J=4Hz, 1H) , 8.84 
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(d, J*s6Hz, 1H) , 8.14 (dd, J=8Hz and 4Hz, 1H) , 4.78 (q, 
J=7Hz, 3H) , 2.60 (s, 3H) , 1.70 (d, J=7Hz, 3H) ; 15 C NMR (75.5 
MHz, CDjOD) S 150.2, 149.3, 145.9, 140.1, 131.8, 59.3, 34.3, 
20.4; mp: 210-211°C; c, H, N Analysis: C B H 1Z N 2 , 2HBr. 



5 a-Methyl-N-isopropyl-3-picolylamine (Method C) : 

a-Methyl-N-isopropyl-3-picolylimine (0.50g, 3.08 
sanole) and NaBHjCN (1.5 eg) yielded 0.30g of pure compound 
(60%). 'h NMR (300 MHz, CDC1 3 ) S 8.54 (d, J=2Hz, 1H) , 8.49 
(dd, J=2Hz and 5Hz, 1H) , 7.65 (dt, J=2Hz and 8Hz, 1H) , 7.25 
10 (dd, J=5Hz and 7Hz, 1H) , 3.94 (d, J«7Hz, 1H) , 2.60 (sept, 
J=6HZ, 1H), 1.35 (d, J=7Hz, 3H) , 1.07 (d, J=6Hz, 3H) , 0.98 
(d, J=6Hz, 3H). 



100 mg of a-methyl-N-isopropyl-3-picolylamine was 
converted to the dihydrobromide salt (134 mg, 68%) . 1 H NMR 
15 (300 MHz, CD 3 0D) 5 9.19 (s, 1H) , 8.90 (m, 2H) 8.15 (t, 
J=7Hz, 1H), 4.92 (m, 1H) , 3.33 (m, 1H) , 1.71 (d, J=7Hz, 
3H) , 1.31 (d, J=7Hz, 6H); 13 C NMR (75.5 MHz, CD,OD) 6 147.6, 
144.0, 143.5, 138.8, 53.3, 50.4, 19.5, 19.4, 19.0; mp = 
126-127°C. 



2 0 ar-Melshyl-N-cycloprgpyl-^ : 

i 



25 



ramble) and tiippN (2 3$) yflfSiu l.'&S&H 
(74 . 8%) . 1 H ffcfil (300 Wz , SSfcL) * 
8.50 (dd, J=5Hz and 2Hz, 1H) , 7.65 % 



30 





compound 



ljrd"2Hz , IH£, 




>2 TdT 

and 5Hz, 1H) , 7.88 (dt, J=2Hz and 7Hz, 1H) , 7.42 (dd, J=5Hz 
and 7Hz, 1H), 6.60 (s, 3.6H), 4.40 (q, J=6Hz, 1H) , 2.38 (m. 
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1H), 1.57 (d, J=6Hz, 3H), 0.67 (m, 4H) ; 13 C NMR (75.5 MHz, 
CDjOD) S 169.9, 150.7, 135.8, 125.8, 57.9, 29.7, 18.9, 4.32; 
np « 144 - 145°C; C, H, N Analysis: C t0 H 14 N 2 1.8(C 4 H 4 0 4 ). 

N-Cyclopropyl-3-picolylamine (Method C) : 



5 N-Cyclopropyl-3-picoly limine (2g, 13.6mmole) and 

NaBH 3 CN (2 eq) yielded 1.57g of the pure compound (77%) . 1 H 
NMR (300 MHz, CDClj) 6 8.56 (d, J=2Hz, 1H) , 8.50 (dd, J=2Hz 
and 5Hz, 1H) , 7.66 (dt, J-2Hz and 7Hz, 1H) , 7.25 (dd, J=5Hz 
and 7Hz, 1H) , 3.82 (s, 2H) , 2.11 (m, 1H), 1.91 (brs, 1H) 
10 0.45 (m, 4H) . 



259 mg of N-cyclopropyl-3-picolylamine was 
converted to the fumaric acid salt (273 mg, 43%) . 'h NMR 
(300 MHZ, CDClj) 6 8.54 (d, J=2Hz , 1H) , 8.47 (dd, J=2Hz and 
5Hz, 1H), 7.86 (dt, J«2Hz and 5Hz, 1H) , 7.38 (dd, J=5Hz and 
15 7HZ, 1H), 6.60 (s, 3.4H), 4.20 (s, 2H) , 2.61 (m, 1H) , 0.73 
(m, 4H) ; mp » 126 - 127»C; C, H, N Analysis: 
C^jNj 1.7(C 4 H 4 0 4 ). 



N-Phenylpropyl-3-picolylamine (Method C) : 



20 



30 



N-Phenylp^^^3,jy R |co^ya^^^2. 4-99* ?-. 37jmnole) 
" ™ '™ *"'" ^HLslU& i **3MH&.. .Jffl ,, 8.48 



■H NMR (300 MHZ, Cg|i 



j=2hz ^ 6hz, m^iumxMm' ^' 7 - 31 - 7 - 16 

(m, 6H) , 3.78 (s, 2HI . , ♦2fflMtlitfh ■ ^ *H) • 



2 V 5 converted to 





V£8 

h mm 



7H2, 1H) , 7.20 - 7.0^ 
2.96 (m, 2H) , 2.61 



91 (m, 2H 
C, H, N Analysis: C 15 H 18 N 2 1.6(C 4 H 4 0 4 ) 



^||:, j-f Ha and 
J=6Hz and 



14 1-14 2 °C; 
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Alleviation of amine, M thod D: 



Into a one-necked, round-bottomed flask was 
introduced the amine and acetonitrile (10 ml /mmole) . To 
the resulting solution was added formaldehyde (37%) and 
5 sodium cyanoborohydride (1.5 to 2 eq) . After stirring at 
0 ° C for 30 minutes , acetic acid was introduced and the 
crude mixture was stirred at room temperature overnight • 
The resulting solution was concentrated under reduced 
pressure, the residue was taken into H 2 0 and basified with 
10 NaOH. The aqueous solution was extracted with CH 2 C1 2 . The 
organic layers were combined, washed with brine, dried 
(MgSOJ and concentrated under reduced pressure, yielding an 
oil. The crude material was purified via chromatography on 
silica using CHC1 3 in general as eluant. 

15 a-Methyl-N,N-dimethyl-3-picolylamine (Method D) : 



20 



a-Methy 1-N-methy 1-3-picolylamine ( 0 . 58g , 4.29 
mmole) , formaldehyde (37%, 1.63 ml), sodium borohydride 
(0.41g, 6.47 mmole) and acetic acid (200/il) were used. 
0.37 g of pure material was obtained (58%). 1 H NMR (CDC1 3 , 
300 MHz) 6 8.55 (s, 1H) , 8.50 (d, J=6Hz, 1H) , 8.12 (d, 
J=7Hz, IH)^ 7 t 6| v (jid, J«7Hz and 6Hz, 1H) , 3.46 (d, J=6Hz, 



was ca 
25 (300 




y 3L-N , N-ffiTBethyl-3-jpicolyianitniB 
e.salt (167 mg, 80$) . 'h Slfe 
1H), 8.78 (d, J<=6Hz, 1H), 8.58 
and 8Hz, 4.84 ($, 

(d, J«=7Hz, 3H) ; mp '«= 



1.78 



-a^picoly lamina : 



30 Into a 100 ml tw -neck d flask fitted with a 

dr pping funnel and flushed with nitrog n was intr duced 
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N-cyclopr pyl-3-picolylamine (500mg r 3.37 mmol ) and 
dimethylformamide (10 mL) . The reaction mixture was placed 
in an ice bath and oil free sodium hydride (65.2mg, 2.73 
mmole) was added. After 5 minutes the ice bath was removed 
5 and the mixture was stirred at room temperature for 10 
minutes. Then iodomethane (42mg, 2.96 mmole) was added 
slowly at 0°C. After an hour, TLC analysis indicated that 
the reaction was not complete, thus more sodium hydride 
(13.3mg, 0.54 mmole) and iodomethane (0.1 mL) were added. 
10 After 12 h at room temperature, the mixture was hydro lyzed 
with cold water (20 mL) and extracted with ethyl acetate (3 
x 15 mL) . The combined organic phases were washed with 
brine (25 ml) , dried (MgSOJ , and concentrated under vaccuum 
(15 mm Hg) to give brown oil (121 mg, 0.745 mmole, 22%). 



15 



20 



N-Methyl-N-cyclopropyl-3-picolylamine was 
converted to the fumaric acid salt (I92mg, 0.55 mmole, 
74%). *H NMR (300 MHz, CDjOD) S 8.44 (d, J=2Hz, 1H) , 8.37 
(dd, J=2Hz and 5Hz, 1H) , 7.76 (d, J=*7Hz, 1H) , 7.30 (dd, 
J=5Hz and 7Hz, 1H) , 6.53 (S, 3.2H), 4.02 (S, 2H) , 2.48 (s, 
3H), 2.20 (m, 1H), 0.51 (m, 4H) ; 15 C NMR (75.5 MHz , CD 5 OD) 
6 169.3, 151.9, 150.3, 140.9, 135.6, 131.1, 125.4, 59.4, 
42.3, 39.8, 6.31; mp - 126 - 127°C; C, H, N Analysis: 

l^^ipw»i*yi-3-Ri9f>iyifmtiit (p .. song, 2 . *s 



I^^W* (37% ' ^^ j^SP^id* (0.25^, 

nwr-mnr acetic acid (122^1) y^&Qp 2Z$M •«* 




i) was conv rted to th tumeric acid salt (240 mg, 
IB, 8S%) . 'H NMR (300 MHz, CDjOD) 6 8.32 (8, 1H) , 
8.52 (d, J=6HZ, 1H), 8.17 (d, J=7HZ, 1H) , 7.69 (dd, J»6Hz 
and 7Hz, 1H), 7.14-6.99 (m, 5H) , 6.58 (s, 2H) , 3.95 (m, 
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2H) , 2.66 (m, 2H) , 2.53 (m, 2H) , 2.39 (s, 3H) , 1.89 (m, 
2H); 13 C NMR (75.5 MHz, CD 3 OD) 6 169.7, 149.8, 148.5, 142.9, 
135.8, 129.5, 128.1, 127.2, 59.1, 57.1, 41.07, 33.8, 28.2; 
mp - 129 - 130°C. 

5 Example 2 

5-Bromo-3- ( N-methoxv-N-mefchvH pvridinecarboxamlde 

To a slurry of 5-bromo-3-pyridinecarboxylic acid 
(22.2 g, 110 mmol) in 1,2-dichloroethane (50 mL) , thionyl 
chloride (24 mL, 330 mmol) was slowly added over a period 

10 of 30 min with intermittent cooling in an ice bath to 
maintain a temperature below 20°C. The reaction was 
allowed to warm to room temperature, and heated to reflux 
for 18 h. The reaction mixture was cooled to 10°C, and 
additional thionyl chloride (4 mL, 50 mmol) was added 

15 dropwise. The reaction was warmed to reflux for 6 h, then 
allowed to cool to room temperature. Residual thionyl 
chloride and solvent were removed by rotary evaporation 
followed by high vaccum to provide 5-bromo-3-pyridine- 
carbacyl chloride hydrochloride as a colorless solid (28.4 

20 g, 100%). 



25 




To a suspension 

Xr2^icJ|iort||pn| <ioo 



of this material in 
at -10 °C was 

mmol) f fplio^ed §y the d£o^wi| e a|p£tiSn ©f triet^lamfftj 
(31 mL, 220 mm^l)'. ^x&Wf ftfe«« ** 25«C *or |g 

gas .a^jdgg^ ?^ 9^2^? ic B>hase was 
£ou^jaha 



h before water (200 




„ exacted 

with *atugp§ t< 

brine (50 mL) theji $ 
Thg crud 

ethyl acetat -h xane (1:2) as eluant to afford the t 

c mp und as an oil, 25.7 g, 95%. LRMS (EI) m/ 246 

(C^^Br^Oj, M*), 244 (CgH^BrNjOj, M*) ; *H NMR (CDC1 5 , 300 
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MHZ): 6 8.87 (d, J=1.2Hz, IH) , 8.76 (d, J=2.1Hz, IH) , 8.19 
(m, IH), 3.58 (S, 3H), 3.39 (s, 3H) . 



Baamp^e 3 

5>Brpmo-3-PvridinecarbQxaldehvde 

5 5-Bromo-3- (N-methoxy-N-me thy 1) pyridine 

carboxamide (25 g, 102 mmol) was dissolved in toluene (250 
mL) under inert atmosphere. The resulting mixture was 
cooled to -10 °C with stirring. Diisobutylaluminum hydride 
(88.4 mL of a 1.5 M solution in toluene, 132.6 mmol) was 

10 added, keeping the reaction temperature at -10°C, and after 
the addition the mixture was stirred at 0°C for 1 h. The 
solution was again cooled to -10°C and a further 0.2 
equivalent of diisobutylaluminum hydride (17 mL of a 1.5 H 
solution in toluene, 25.5 mmol) was added; stirring was 

15 then continued at 0°C for 30 minutes. The reaction mixture 
was poured into 1 M HCl (500 mL) with stirring and this was 
cooled to 0°C and the pH adjusted to 10 with NaOH (solid) . 



The solution was extracted with isopropyl acetate 
(2 x 500 mL) , the combined organic layers washed with water 
20 (2 x 250 mL), brine (300 mL) , dried (Na 2 S0 4 ) and 
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Example 4 

5-Bromo-3WN-Dvrrolidinomethvll pyridine 



5-Bromo-3-pyridinecarboxaldehyde (8*75 g , 47 
mmol) and pyrrolidine (7.85 mL, 94 mmol) were dissolved in 
5 acetonitrile (250 mL) with stirring. The reaction mixture 
was chilled (0°C) , sodium cyanoborohydride (5.92 g, 94 
mmol) was added and the mixture stirred at 0°C for 30 
minutes. Glacial acetic acid (5 mL) was added dropwise and 
the mixture stirred at 25°C for 3 h. Water (200 mL) was 

10 added and the mixture extracted with ethyl acetate (2 x 250 
mL) . The combined organic layers were washed with water (2 
x 100 mL) , brine (150 mL) , dried (Na 2 S0 4 ) and concentrated 
in vacuo. The crude material was chromatographed on silica 
gel with methanol -methylene chloride (1:19) as eluant to 

15 afford the title compound as an oil, 9 g, 80%. LRMS (EI) 
m/e 242 ( 81 Br, M*) , 241 ( 81 Br, M*-H) , 240 ( TO Br, M*) , 239 (^Br, 
M*-H); } K NMR (CDC1 3 , 300 MHz): S 8.56 (d, J=2Hz, 1H) , 8.45 
(bs, 1H) , 7.87 (S, 1H), 3.61 (S, 2H) , 2.52 (bs, 4H) , 1.81 
(m, 4H). 



20 



PX3TPPle 5 

4-Bromophenvl-tert-butvldimethvlsilvl ether 



25 




imidazole (4.08 

MpW if 'If 

chloride (5.02 g, 
at 25°C for 
water (100 
mL) . The 
mL) , brine 
in vacuo. 
Wioa gel with 
the title 
300 MHz) : 6 
(app. dt, 



J=9HZ, 3HZ and 1HZ, 2H) 0.9B (s, 9H) , 0.21 (s, 6H) . 
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Example 6 



4- Brpmo-3-chlorophenvl-tert-butvldlmethvlsllvl ether 

Repeating the procedure of Example 5, but using 
the appropriate starting materials in place of 
5 4-bromophenol, the following compound was obtained: 
4-Bromo-3-chlorophenyl-tert-butyldimethylsilyl ether 
'h NHR (CDC1 3 , 300 MHz): S 7.47 (d, J=2Hz, 1H) , 7.24 (dd, 
J=9Hz and 2Hz, 1H) , 6.75 (d, J=9Hz, 1H) , 1.02 (s, 9H),0.22 
(S, 6H). 

10 Example 7 

5- f 4-Hvdroxvphenv H -3- (N-pyrrolidinomethvl) pyridine 

fumarate 



tert-butyldimethylsilyl ether (2.14 g, 7.5 mmol) in 
15 anhydrous diethyl ether (10 mL) at -78 °C under inert 
atmosphere was slowly added t-butyllithium (8.8 mL of a 1.7 
M solution in pentane, 15 mmol) . This was stirred at -78 *C 
for 30 minutes and zinc chloride (7.5 mL of a 1 H solution 
in diethyl ether, 7.5 mmol) was added. The mixture was 
20 allowed to warm to 25°C over 30 minutes before being 
cannulated ,|g|£| . J^*a?-§d .solution of 5^bxeomor> 

b |§j*flfP^^ ^|P|^e |l|5^g Jf 0,22 

mmol')"'-' in " ff?tf^^gC?^^Wo at 25*C under inert 

25 9^$^S$^^r ^S^vSS^S^ x mixture was stirred for 18 h 



'exiiy x ace^gg^^y^grj^^^gL') . Th combined organic layers 
-MHfti^MijiflfiHiM^ /r< • 

were vash'ed wiW^turAte'd NaHC0 3 solution (50 mL) , wat r (2 

x 50 mL) , brine (50 mL) , dried (MgSOJ and th s lvents 

r moved in vacuo. The resulting oil was dissolved in 



To a stirred solution of 4-bromophenyl- 
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methanol (50 mL) and filtered thr ugh paper to rem ve 
residual solid catalyst. The filtrate was concentrated 
under reduced pressure before purification using silica gel 
column chromatography with ethyl acetate-hexane (1:1) as 
5 eluant to afford 5-(4-tert-butyldimethylsilyloxy- 
phenyl) -3- (N-pyrrolidinoraethyl) pyridine, 1.15 g, 42% as an 
oil. LRMS (EI) m/e 368 (M*) , 367 (M*-H) ; NHR (CDC1 3 , 300 
MHz): S 8.70 (d, J=1.5Hz, 1H) , 8.46 (bs, 1H) , 7.91 (s, 1H) , 
7.48 (d, J=8HZ, 2H), 6.92 (d, J=8Hz, 2H) , 3.72 (s, 2H) , 
10 2.60 (s, 4H), 1.83 (s, 4H) , 1.00 (s, 9H) , 0.22 (s, 6H) . 



This material (1.15 g, 3.13 mmol) was dissolved 
in methanol (20 mL) and cesium fluoride (950 mg, 6.25 mmol) 
was added. The stirred mixture was heated at reflux for 18 
h under inert atmosphere. After cooling the solvent was 

15 removed in vacuo and the resulting oil was dissolved in 
ethyl acetate (100 mL) . This was washed with water (2 x 50 
mL) , brine (50 mL) , dried (MgS0 4 ) and concentrated. The 
crude material was chromatographed on "flash" silica gel 
with 5% methanol: ethyl acetate as eluant to afford 

20 5-(4-hydroxyphenyl) -3- (N-pyrrolidinomethyl) pyridine 640 mg, 
80%. LRMS (EI) m/e 254 (M*) , 253 (M*-H) ; 'h NMR (CDC1 3 , 300 
MHz): 5 8.64 (d, J«2HZ, 1H) , 8.40 (d, J=2HZ, 1H) , 7.76 (t, 
JBZj^^M) ' 7.17 (d, J-8HZ, 2H), 6.63 (d, J-8HZ, 2H) , 3.73 

v ^ r ^^^''* * ^a£^0r product was coifveif mi to th6 tltie 
^1 (15 mL) solution of the f£ee amine at 25*C. 




inder high vacuum. Tritui?fisi f pn »ijtph diptnyl 
by recrystallizatiwi Urm etmyl acetate 



by recrys 



5- ( ^4-hydrbxypheny 1 ) .-3- (N-pyrro 
(55%). M.p. 177 




35 



6 8.79 (s, 1H), 8.51 (S, 



1H), 7.57 (d, J«8Hz, 2H), 6.89 (d, J=8HZ, 2H) , 6.58 (s, 
2H), 4.05 (s, 2H), 2.89 (s, 4H) , 1.84 (s, 4H) . 
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Example 8 

5-Subgtituted-3- (N-pvrrolidinomethvl) pyridines 



Repeating the procedure of Example 7, but using 
the appropriate starting materials in place of 
5 4-bromophenyl-tert-butyldimethylsilyl ether, the following 
5 -substituted- 3- (N-pyrrolidinomethyl) pyridine compounds 
were obtained: 

(a) 5-(4-tert-Butyldimethylsilyloxy-3-chlorophenyl) - 
3- (N-pyrrolidinomethyl ) pyridine : 
10 ! H NMR (CDC1 3 , 300 MHZ): S 8.68 (d, J=2Hz, 1H) , 

8.50 (d, J=2Hz, 1H), 7.82 (bs, 1H) , 7.61 (d, 
J=2H2, 1H), 7.37 (dd, J=9HZ and 2HZ, 1H) , 6.97 
(d, J=9HZ, 1H), 3.68 (s, 2H) , 2.54 (s, 4H) , 1.82 
(S, 4H) , 1.05 (s, 9H) , 0.26 (s, 6H) . 



15 (b) 5-(4-Hydroxy-3-chlorophenyl) -3- (N-pyrrolidino- 
methyl ) pyridine : 

LRMS (EI) m/e 290 ( 37 C1, M*) , 289 ( 37 C1, M*-H) , 288 
(^Cl, M*) , 287 ("el, M*-H) ; 'h NMR (CDC1 3 , 300 
MHZ): S 8.62 (d, J=3HZ, 1H) , 8.44 (d, J=3Hz, 1H) , 

20 7.73 (t, J=3Hz, 1H) , 7.40 (d, J=2Hz, 1H) , 7.09 

(dd, J-pHz and 2Hz, 1H), 6.67 (4, Js8Hz, 
3.74 (s, 2H) , 2.68 (s, 4H) , 1.88 (s, 4H) . 



25 



(c) 5- (4-Hydro^-3-chlorqphenyl) -3- (N-pyrrolidino- 
methyl ),pyridine fumas^e: 
M.p. 192-193 l 6 C 



192-lf3 6 C 
S 8.58 



(DMSp-d & , 300 MHzJ : 

. ... &mfc-\w ^ir< : V t 9m^ mmMi'm^''i^ 

S 8.58 lB, m , 8.10 J^^^**^^*** 

(s, itt), 7.3i (d, j=8hz, (d, jMrC ; ; v 



1H), 6.33 Js, 2J), 3 .82 (S, |H), 2.65 (s, 
1.59 (s, 4H) . 
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^■EthYnYl-3-fW-PYrrQlia^nQmethYl)PYri4ine fumaratg 



5-Bromo-3- (N-pyrrolidinomethyl) pyridine (1.2 g, 
5 mmol) , tetrakis (triphenylphosphine) palladium (0) (289 mg, 
5 0.25 mmol), copper (I) iodide (95 mg, 0.5 mmol) and 
triethylamine (5 mL) were stirred in 1,2-dimethoxyethane (5 
mL) at 25°C under inert atmosphere. After 10 minutes, 
trimethylsilylacetylene (1.4 mL, 10 mmol) was added to the 
mixture and this was stirred for 18 h. Water (30 mL) and 

10 ethyl acetate (50 mL) were added and the organic phase 
separated. The aqueous layer was extracted with ethyl 
acetate (2 x 20 mL) and the combined organic extracts were 
washed with brine (20 mL) , dried (HgS0 4 ) and filtered before 
the solvents were removed in vacuo. The resulting oil was 

15 chromatographed on silica gel with ethyl acetate-hexane 
(1:9, 1:4) as eluant to afford 5-trimethylsilylethynyl- 
3- (N-pyrrolidinomethyl) pyridine, 371 mg, 29%. LRMS (EI) 
m/e 260 (M*+2), 259 (M*+H) , 258 (M*) , 257 (M*-H) ; 1 H NMR 
(CDC1 3 , 300 MHz): 6 8.58 (d, J=2Hz, 1H) , 8.47 (d, J=2Hz, 

20 1H) , 7.77 (app. t, J=2Hz, 1H) , 3.59 (s, 2H) , 2.50 (ra, 4H) , 
1.80 (m, 4H) , 0.26 (S, 9H) . 



25 



30 



5-Trimethylsilylethynyl-3- Mpi 

{ v i m* wjisu ^ 



for 18 h. After cooling, 
vacuo anjol ^|er (10 mL) was *dd§d 



tfte * solvS 




Lq. t «Apa^ 
chrottatojarraohed on silica 



-olidinogtethyl) 

BBmg" AM& Mil 




This was conv rted to the title compound by the 
addition f one equivalent of fumaric acid to a methan 1 
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(10 mL) solution of th fr amine at 25°c. After 30 
minutes the solvent was removed in vacuo and the residue 
pumped under high vacuum. Trituration with diethyl ether 
followed by recrystallization from ethyl acetate afforded 
5 g-ethVnvl-3- f N-PVrrol idinoroethvl 1 pyridine fumaratA . 

M.p. 148-150«C (decomp. , EtOH-EtOAc) ; 'h NMR (DMSO-d 6 , 300 
MHZ): * 8.64 (s, 1H), 8.62 (s, 1H) , 7.97 (s, 1H) , 6.60 (s, 
4H), 4.50 (s, 1H), 3.99 (s, 2H) , 2.82 (s, 4H) , 1.81 (s, 
4H) . 



10 



Example lo 

5-Phenvl-3- (ff-methoxv-»-m ethvl 1 pvr idinecarboxamide 



15 



20 



25 



5-Bromo-3- (W-methoxy-AT-methyl ) pyr idinecarboxamide 
(3.0 g, 12.25 mmol), tributylphenyltin (5.13 g, 14 mmol) 
and triphenylarsine (428 og, 1.4 mmol) were dissolved in 
anhydrous DMF (75 mL) with stirring. Bis(dibenzylidene- 
acetone) palladium (402 mg, 5 mol%) was added, and the 
mixture was stirred at 65 °C for 24 h. Ethyl acetate (100 
mL) , water (100 mL) and 10% ammonium hydroxide (75 mL) were 
added to the cooled mixture, which was agitated before 
filtration through celite. The organic layer was separated 
and the aqueous phase extracted with ethyl acetate (100 

The <8 P35S^ 

(2 x so ^ - ^jtjirgigpiiiif |i| f [flr-frrf jM rr- 1 — ■ 

in vacuo. - The ^^ t on -si-ldca^gei 

title cbjpoiaffjI^^gp^^S g> ' 57%). LRNS (EI) m/e 243 

l^&£S& s 

8.23 (|», !»),. 7^63^iial"iT^HzLifl) . 7.40^7.55 (m, 3H) , 3.60 
<S, 3M)- 3 
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Example 11 
^■Ph^yA-3-PYridinec^r>3o^XdenY4e 

5 -Phenyl- 3- (N-methoxy-N-methy 1 ) pyridine- 
carboxamide (1.32 g, 5.45 mmol) was dissolved in THF (30 
5 mL) under inert atmosphere, then cooled to -70°C with 
stirring. Diisobutylaluminum hydride (11 mL of a 1M 
solution in cyclohexane, 11 mmol) was added. After 
addition was complete, the mixture was stirred at -70 °C for 
2h. Saturated ammonium chloride solution (1 mL) was added 

10 to the reaction mixture, followed by water (15 mL) and 
chloroform (50 mL) . The mixture was filtered through 
celite, the organic phase separated and the aqueous phase 
again extracted with chloroform (80 mL) . The combined 
organic extracts were washed with water (2 x 50 mL) , brine 

15 (50 mL) , dried (HgS0 4 ) and concentrated in vacuo. The crude 
material was chromatographed on silica gel with ethyl 
acetate-hexane (2:3) as eluant to afford the title compound 
as an oil, 790 mg, 80%. LRMS (EI) m/e 185 (M*+2) , 184 
(M*+H) , 183 (M*) , 182 (M*-H) ; y H NMR (CDC1 3 , 300 MHz) : 6 

20 10.20 (s, 1H), 9.08 (d, J=2Hz, 1H) , 9.05 (d, J=2Hz, 1H) , 
8.35 (t, J«2Hz, 1H), 7.63 (m, 2H) , 7.45-7.55 (m, 3H) . 



. 5 _p hen y 1 _ 3w py r ^i^3^ rboX aid^ (400 mg, 2.18 

2J .jj B ^l .gn^- pyrrolidine (300 mg, 4.39 mmol) were dissolved in 
1 * " * >iW ^pnxlr ile (20 mL) with stirring. Ttie reaction mixture 
TlM (0°C), sodium cj^obqrph^ (30 mg, 4.4 




addled and the mixture $ 



ef6 adddS drc 




Glacial acetic acid '"fBVfS 'WH*' *® 
mixture stirred at 25°C for 18 h. IM Hf 
nol (10 mL) were added and the 
c"ncen€rat d in vacuo. Wat r (20 mL) was add d 

olution basified with solid sodium hydroxide. This was 
extracted with methylene chlorid (3 x 30 mL) and the 
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combined organic extracts were washed with water (20 mL) , 
brine (20 mL) , dried (Mgsoj and concentrated in vacuo. The 
crude material was chromatographed on silica gel with ethyl 
acetate-hexane (2:3) as eluant to afford the title compound 
as an oil, 360 mg, 70%. 



This was converted to the fumarate derivative of 
the title compound by the addition of one equivalent of 
fumaric acid to a methanol (10 mL) solution of the free 
amine at 25°C. After 30 minutes, the solvent was removed 
in vacuo and the residue pumped under high vacuum. 
Trituration with diethyl ether, followed by 
recrystallization from ethyl acetate afforded 5-phenvl-3- 
(ff-PVrrolidinomethvl ) pyridine fumarate ; M.p. 126-127°C 
(EtOAc); 'h NMR (DMSO-d 6 , 300 MHz): S 8.82 (s, 1H) , 8.62 
(S, 1H), 8.20 (s, 1H), 7.72 (bs, 2H) , 7.50 (bs, 3H) , 6.58 
(S, 2H), 4.15 (S, 2H), 2.97 (s, 4H) , 1.85 (s, 4H) . 

Example 13 

5-Phenvl -3 - ( W-a zet i A i nomethvl \ p yr id Ine fumarate 



Repeating the procedure of Example 12, but using 
the appropriate starting materials in place of pyrrolidine 
the title compound was obtained, i.e. , 



compound 

fW-azet id inomathvH pyridine fumarate : 

(e16ac); ii |i lfi4 mo mzii s a***. fa, 

1H), 8.12 (s, 1H) , 7.72 (jbd, J«8Hz, p) , 7.4-7.5 
6.58 (s, 2H), 4.11 (s, 2H), 3.70 (bt, J=7Hz„ 
(quintet, |H) ^. 




H-Nicotlne binding to rafc.^ 
p rformed according to modifications of the method of Flyn 




and Hash (jr. tfeurochejn. 42:1948 (1986)) 
ci/mmol; New England Nuclear Corporation , 



H-Nicotine (80 
Boston, MA) was 
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used as the ligand for nicotinic acetylcholine receptor 
binding assays. All other reagents were purchased from the 
Sigma Chemical Co. (St. Louis, MO). 



5 sacrificed by decapitation, the brains removed and the 
cerebral cortex dissected on ice. Synaptic membranes were 
prepared by homogenizing the cortical tissue in 20 volumes 
of ice-cold modified Tris buffer (50 mH Tris pH 7,4, 120 mM 
KaCl r 5 mM KC1, 2 mM EDTA, 1 mM PMSF) with a polytron (20 

10 sec at setting 5-6) followed by centrifugation (15 min at 
25,000 x g) at 4°c. The resultant pellet was rehomogenized 
and centrifuged twice. The final pellet was resuspended in 
ice-cold assay buffer (50 mM Tris pH 7.4, 120 mM NaCl, 5 mM 
KC1, 2 mM CaCl 2 , 1 jriM MgCl 2 ) at a concentration of membrane 

15 equivalent to 1 p wet weight cortex per 10 ml buffer. 
After protein determination the final membrane preparation 
was diluted with buffer to 3 mg protein/ml. This membrane 
preparation was used in either the fresh state or frozen 
(-70°C) then thawed. 

20 The binding assay is performed manually using 

96-well plates, or using a Biomek automated work station 
(Beckman Instrument Co. ) . 3 H-Nicotine&was / diluted in assay 



ros^rah^'' preplraliion and ( 2b jui l -'of^ 
co^ouiSd of Ir^Sr^t in assay bufl£§f^^ 



Harvester onto GF/C filt rs presoaked in 0.5% 
35 polyethyleneiroine for at 1 ast 2 nr. The filt rs wer 



Male Sprague-Dawley rats (250 - 400 gin) were 





Hi 

mm 
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washed with 4x2 ml of ice-cold assay buffer and filters 
were transferred to vials to which 4 ml of scintillation 
cocktail was added. The radioactivity was measured in a 
LS-6500 Beckman Liquid Scintillation Counter in an autodpm 
5 mode. Data were analyzed by log-logit transformation or 
non-linear regression analysis (e.g., employing GraphPad 
Prism, available from GraphPad Software, San Diego, CA) to 
give ICjq values. Non-specific binding was defined by 10/tM 
cytisine. 

10 The ability of invention compounds to displace 

H-QNB (quinuclidinyl benzilate; 43 Ci/mmol) from muscarinic 
acetylcholine receptors in rat cerebral membranes was also 
tested using the above-described method in which 5 H-nicotine 
was replaced with 60 pM 3 H-QNB, and atropine was excluded 

15 from the incubation buffer. 

The results of 3 H-nicotine and 3 H-QNB 
binding/displacment assays of several invention compounds 
are summarized in Table I. 
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Table I 



Compound Tested , Formula 
I, wherein. . . 


IC, 0 (MM) I 


Nicotine 


Quinuclidinyl | 
benzilate 


A = CH 2 ; 

B and R combined = 

*"*^^2^^2^^2~ ' 

Z = not present; 
K, R% R - H; 
R = phenyl 


1.2 


6.0 


A m CH 2 £ 

B and R combined = 

Z 2 = not present ; 
IL, R , R 1=8 H; 
R = 3-chloro-4- 
hydroxyphenyl 


0.043 


>10 


A - -CH(CHj)-; 
B = CH 2 ; 
R a = CH 3 ; 

\z = Jl' D 5 „6 _ _ 
R r R r x\ t R — ri 


1.9 


Less than 20% 
displacment of 
ligand with 
100 MM of 
compound 



A = CH 



2fc 

B and R combined = 

Z 2~ *l 0t g resent / 
R^ r R r R = H; 

R = ethynyl 



0.041 



>100 



ch 2 ; 




40 



>100 
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Compound Tested, Formula 
I, wherein... 



IC, n (MM) 



Nicotine 



Quinuclidinyl 
benzilate 



A = CH 2 ; 

B and R combined = 

-CH 2 CH 2 CH 2 CH 2 -; 
Z = not present; 
R;, r\ R* - H; 
R " phenyl 



0.53 



11.2 



A - CH 2 ; 

B and R combined = 

-CH 2 CH 2 CH 2 CH 2 -; 
Z - not present; 
R;, r\ R* = H; 
R = p-OH-phenyl 



0.082 



>10 



A = -CH(CHj)-; 
B ■ - -CH(CH 3 )CH 2 -; 
R = H; 

RfRiR y R = H 



19 



>100 



A = CH 2 ; 

B - -CH 2 CH 2 CH 2 -; 

R = CH 3 ; 

z 2 = Phenyl; fi ^ 

R # Rf R / R = H 



34 



36 



A = CH 2 ; 

B « -CH 2 CH,CH,-; 

= H; 
Z 2 = phenyl; fi 



20 



29 
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Example 15 
Neurotransmitter Release 

Measurement of 3 H-dopamine release from rat 
striatal slices was performed according to the method of 
5 Sacaan et al. (J. Neurochem. 59:245 (1992)). Male Sprague- 
Davley rats (250-300 g) were decapitated and the striata or 
olfactory tubercles dissected quickly on a cold glass 
surface. The tissue was chopped to a thickness of 300 urn 
with a Mcllwain tissue chopper. After chopping again at 

10 right angles the tissue was dispersed and incubated for 10 
min. at 37°C in oxygenated Kreb's buffer. 3 H-Dopamine (40 
Ci/mmol, NEN- Dupont, Boston, Ma) was added (50 nM) and the 
tissue was incubated for 30 min. in Kreb's buffer 
containing 10 fM pargyline and 0.5 mM ascorbic acid. 

15 Aliguots of the minced tissue were then transferred to 
chambers of a Brandel Superfusion system in which the 
tissue was supported on Whatman GF/B filter discs. The 
tissue was then superfused with buffer at a constant flow 
rate of 0.3 ml/min by means of a Brandel peristaltic pump. 

20 The perfusate was collected in plastic scintillation vials 
in 3 -min fractions r and the radioactivity was estimated by 
scintillation spectrophotometry. The superfusate for the 
first 120 min was discarded. After two baseline fractions 




fraction 
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Following essentially the sane procedure as set 
forth in the preceding paragraph, the amount of 
H-norepinephrine released from rat hippocampus, thalamus 
and prefrontal cortex slices superfused with buffer 
5 containing (or lacking) compounds of interest was also 
measured. 

The results of studies of the effects of an 
invention compound (as compared to the effect of nicotine) 
on the release of neurotransmitters from rat brain slices 
10 are presented in Table II. The results presented in the 
Table are expressed as the percent fractional release. 
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As shown in Table II , invention compound selectively 
induces release of catecholamines in different brain 
regions. 

While the invention has been described in detail 
5 with reference to certain preferred embodiments thereof, it 
will be understood that modifications and variations are 
within the spirit and scope of that which is described and 
claimed. 
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That which is claimed is: 



1. A compound having the structure: 



R* 
i- 



A — N" 
I 

R° 



B — Z 



10 wherein: 



15 



20 



25 




35 



A is a l, 2, 3, 4, 5 or 6 atom bridging species 
linking C 3 of the pyridine ring with N a , 

wherein A is selected from a straight 
chain or branched chain alkylene moiety 
having up to six atoms in the backbone 
thereof, or a substituted alkylene moiety, 
a straight chain or branched chain 
alkenylene moiety having up to six atoms in 
the backbone thereof, or a substituted 
alkenylene moiety, an alkynylene moiety 
having up to six atoms in the backbone 
thereof, or a substituted alkynylene moiety, 

-or* -e(p)-, -cm-, •••-•s-i -mm- *m%°* 

is. ^parafcgd f r t om.# by «*t $|$g£ *WP carb; 
atfins;; and further pMHM^^'^^ >A *» 



N- is. 



wherein A and B can optionally combine 
to form a monocyclic ring containing A, N* 
and B, wherein at least on m thylen unit 
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40 



45 



50 



55 



60 



65 



70 



B is 



intervenes b tveen such ring and C 3 of the 
pyridine ring; 

a 1, 2, 3 or 4 atom bridging species linking 
N° with Z, 

wherein B is selected from a straight 
chain or branched chain alkylene moiety 
having up to four atoms in the backbone 
thereof, or a substituted alkylene moiety, 
a straight chain or branched chain 
alkenylene moiety having up to four atoms in 
the backbone thereof, or a substituted 
alkenylene moiety , an alkyny lene moiety 
having up to four atoms in the backbone 
thereof, or a substituted alkyny lene moiety, 
-O-, -C(O)-, -C(S)-, -N*(K*)-, -S-, -S(O)- 
and/or -S(0) 2 -containing alkylene moiety, 
wherein is hydrogen or a lower alkyl 
moiety; provided, however, that any 
heteroatom contained in B is separated from 
N* by at least 2 carbon atoms, and further 
provided that when B is a -C(O)- or -C(S)- 
containing alkylene moiety , at least one 
methylene unit intervenes between the -C(O)- 
or -.Gifts) - moiety and «*; and fnrvteher 

aiW#nyi tot a^kynyl ^qi|il^ r ,an"d 



2 is 




arylalkenyl , substituted 
ary lalkynyl f substituted 



arylalkenyl, 
ary lalkynyl, 
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het erocy cl ic , subs t i tuted het erocycl ic , 
trif luoromethyl, cyano, cyanomethy 1 , nitro, 
carboxyl, carbamate, sulfonyl, sulfonamide, 
aryloxyalkyl, or -0R Z , wherein R 2 is 
hydrogen, lower alkyl or aryl, or 

Z is not present when A and B cooperate 
to form a ring containing A, N* and B, or 
when R* and B cooperate to form a ring 
containing B, R* and if; 
is selected from hydrogen or lower alkyl; and 
R 4 , R 5 ancf R 6 are each independently selected 
from hydrogen, alkyl, substituted alkyl, 
cycloalkyl, substituted cycloa Iky 1, alkenyl, 
substituted alkenyl, alkynyl, substituted 
alkynyl, aryl, substituted aryl, alkylaryl, 
substituted alkylaryl, arylalkyl, 
substituted arylalkyl , ary lalkeny 1 , 
substituted arylalkenyl , aryl alkynyl , 
substituted ary lalkyny 1 , heterocycl ic , 
substituted heterocyclic , trif luoromethyl , 
halogen, cyano, nitro; 

-S(0)R\ -S(0)£L\ -S(0) z OR* or 
-8(0)211101*, wherein each R v is independently 
hydrogen, lower alkyl, alkenyl,, aikynyA or 



aryl; provided, hpyffm^^^M^^ 
or R is -S(0):fc' , R* M i 

alkynyl, tKe • site &f 




Ifz And 




suSs^ftut 
al^laryl, si 

substituted arylalkyl , 

substituted arylalkenyl , 



arylalk nyl, 
arylalkynyl. 
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115 



120 



125 



130 



135 



140 



substituted arylalkynyl , heterocyclic , 
substituted heterocyclic or trif luoromethyl, 
provided, however, that the carbonyl 
functionality is hot conjugated with an 
alkenyl or alkynyl functionality; 

-OR* • 1 or -NR 1 • % z , wherein each R 1 • 1 is 
independently selected from hydrogen, alkyl, 
substituted alkyl, cycloalkyl, substituted 
cycloalkyl, alkenyl, substituted alkenyl, 
alkynyl, substituted alkynyl, aryl, 
substituted aryl, alkylaryl, substituted 
alkylaryl, arylalkyl, substituted arylalkyl , 
arylalkenyl , substituted arylalkenyl , 
arylalkynyl, substituted arylalkynyl, aroyl, 
substituted aroyl, heterocyclic, substituted 
heterocyclic, acyl / trif luoromethyl, 
alkylsulfonyl or arylsulfonyl, provided, 
however, that the -OR 111 or -NR 1 ■ ' 2 
functionality is not conjugated with an 
alkenyl or alkynyl functionality; 

-SR 1 • 1 ■ , wherein R 1 • • ■ is selected from 
hydrogen, alkyl, substituted alkyl, alkenyl, 
substituted alkenyl , alkynyl , substituted 
alkynyl, fjgglv mpMM^W^^^' 1 '- 




heterocyclic , 
^rif I|i6rofce^hyl , 

an 

; or 
• 1 is selected 



145 provided, however, that the f 1 lowing c mpounds 

are exclud d from the definition of Formula I: compounds 
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150 



155 



160 



165 



170 



175 



wher in A is -CH=CH-(CH 2 ) ,. 5 -CH 2 -, B is alkyl, Z is H r 
absent, R* is H, and each of R 2 , R 4 , R s and R 6 are 
independently alkyl or halo; compounds wherein A is 
-(CHj),^-, B and R a combine to form a B, R a , N° ring such 
that B and R a together are C 4 Rg or CjR 10/ wherein R is 
hydrogen or alkyl, and Z is absent; compounds wherein A is 
-C(0)-(CH 2 ) v5 - f B is alkyl, Z is absent or H, R* is H or 
alkyl, and each of R 2 , R 4 , R 5 and R 6 are alkyl or halo; 
compounds wherein A is -CH 2 -, B is -CH 2 - or -CH 2 -CH 2 -, Z is 
H, R* is -CH 3 or -CH 2 -CH 3 , and each of R 2 , r\ R 5 and R 6 are 
hydrogen; compounds wherein A is -CH 2 -, B is 
-CH 2 -CH(CH 3 )-CH 2 -R, wherein R is para-tertiarybutylphenyl, 
Z is absent, R tt is CH 3 or butyl, and each of R 2 , R 4 , R 5 and 
R 6 are hydrogen; compounds wherein A is -CH 2 -(CHR) n , wherein 
R is H or alkyl and n - 0 or 1, B is -(CH 2 ) n -CHR-CH(X)-, 
wherein R is H, methyl or ethyl, X is phenyl or substituted 
aryl (substitution selected from halogen, alkyl or alkoxy) , 
and n = 0 or 1, Z is phenyl or substituted aryl 
(substitution selected from halogen, alkyl or alkoxy) , R a is 
H or alkyl, and each of R 2 , R 4 , R 5 and R 6 are selected from 
hydrogen, alkyl or alkenyl; compounds wherein A is 
-CH(CH 3 )-, B is -CH 2 -, -CH 2 -C 6 H 4 - or -CH 2 -C 10 H 6 ~, Z is 
hydrogen, -C 6 Hj, or -C l0 H 7 , R a is CH 3 , and each of R 2 , R 4 , R 5 

nds wherein A is -GH(Cflj)-, B is 
'' g and each of R 2 , fc\ 

^h^!iSW^^^^ih^B wherein A is -C^e^y-, B 

sin 'if %& ttliKyi or benzyl, 
combine to form a B, R°, tf* 



and R are hydros 




R together are 
CH*-, where*?* R is methyl or 



absent, and each of R , R , R 

.... . jj> -^mr&isiMsY- & 

4#s|rit, R is hydrog n, 
hydrogen. 
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2. A compound according to claim l wherein A is 
selected from: 

-CR* 2 -, wherein each R* is independently 
selected from hydrogen, alkyl, substituted alkyl, 
aryl, substituted aryl, alkenyl, substituted 
alkenyl, alkynyl or substituted alkynyl; 

-(cycloalkyl)-, or 

-C(«*CXY)-CH 2 -, wherein X and Y are each 
independently selected from hydrogen, lower 
alkyl, substituted alkyl , cycloalkyl, substituted 
cycloalkyl,* hydroxya Iky 1 , halogen, 
trifluoromethyl, cyano, cyanomethyl, nitro, 
carboxyl, carbamate, sulfonyl, sulfonamide, aryl, 
substituted aryl, alkylaryl, substituted 
alkylaryl, arylalkyl, substituted arylalkyl, 
heterocyclic, substituted heterocyclic, 
aryloxyalkyl, or -OR**, wherein R** is lower alkyl 
or aryl. 



3. A compound according to claim 2 wherein X and 
Y are not both -OR**. 



4. A compound according to claim 1 wherein A and 
B combine to form a ring including A, N* and B. 



5 . A compound according to claim 4 wherein the 




id from -b-aft 2 aR'(CH 2 ) n - 



In tate range of l up to 4 

S^i*'??? °'^Mn:d according to t6iWKlfm t .a' therein * sis 




^i^^g^SfSSfsmSSfji v. A compound according to M^^l^whei?ein 'B^aind 
R a combine to form a ring including R*, N* and B. 
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8. A compound according to claim 7 wherein the 
combination of B and R* is selected from -CH 2 CH 2 CH 2 -, 
-CH 2 CH 2 CH 2 CH 2 - or -CH 2 CH 2 CH 2 CH 2 CH 2 ~ . 

9* A compound according to claim 1 wherein R a is 
hydrogen or methyl* 



10. A compound according to claim 1 wherein R is 



hydrogen* 



11. A compound according to claim 1 wherein R* is 
selected from hydrogen, aryl, alkoxy or aryloxy. 

12. A compound according to claim 1 wherein R 5 is 
selected from alkynyl, aryl, substituted aryl, 
trialkylsilyl, arylalkyl, arylalkenyl or arylalkynyl. 

13. A compound according to claim 1 wherein R 6 is 
selected from hydrogen, chlorine, amino, methyl or alkoxy. 

14. A compound according to claim 1 wherein said 
compound is substantially optically pure. 



com] 



15. A compound according to claim 1 wherein said 
is a racemic mixture or a diasteromeric mixture. 



' „ - j 



16. h compound according to claiia 1 wherein: 
B and R* conibined « -CH|CHj€H|CH2~, 



R , IT, and 4 fr «= hydrogen, afid 

R S » ^1tt$£< 
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17* Ac mpound according to claim 1 wherein: 
A = -CH 2 -, 

B and R* combined = -CH 2 CH 2 CH 2 CH 2 - , 
Z « not present, 
R / R*, and R 6 = hydrogen, and 
R 5 = parahydroxyphenyl. 

18. A compound according to claim 1 wherein: 
A = -CH 2 -, 

B and R a combined = -CH 2 CH 2 CH 2 CH 2 - , 
Z = not present, 

2 4 6 

R , R , and R - hydrogen, and 
R 5 = 3-chloro-4-hydroxyphenyl. 

19. A compound according to claim l wherein: 
A = -CH 2 -, 

B and R a combined = -CH 2 CH 2 CH 2 CH 2 -, 
Z = not present, 
R 2 , R 4 , and R 6 « hydrogen, and 
R 5 = -Csc-H- 



20. A compound according to claim 1 wherein: 
A « -CH 2 - , 

B and R a combined «. -GH 2 Gg 2 CH 2 -, 
Z * fiot preBgntr, 



5 



5 
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22. A compound according to claim l wherein: 
A = -C(CH 3 ) r , 
B = -CH 2 -, 
Z = hydrogen, 
5 R a = methyl, and 

R 2 # R 4 , R 5 and R 6 = hydrogen. 



23. A compound according to claim 1 wherein: 
A = -(spirocyclopropyl)-, 

B = -CH 2 -, 

Z « hydrogen, 

R a = methyl, and 

R 2 , R 4 , R 5 and R 6 = hydrogen. 

24. A compound according to claim 1 wherein: 
A «= -CH 2 CH 2 -, 

B and R° combined = -CH 2 CH 2 CH 2 CH 2 -, 

Z = not present, and 

R Z , R 4 , R 5 and R 6 = hydrogen. 



16 



15 



25. A compound according to claim 1 wherein: 

A = -C(=CXY)CH 2 -, wherein X and Y are each 
independently selected from hydrogen, 



alkyl, substituted alkyl, 




nitrb, carboxyl, 

alkylaryl, 

heterocyclic, 
je$lc, aryloxyaljcyl, 
lower alkyl or 



Z = not pr sent, and 
R 2 , R 4 , R 5 and R 6 = hydrogen 



t 2 GH 2 CH 2 *" , 
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26. A compound according to claim 25 wherein X 
and Y are not both -OR**. 



27. A compound according to claim 1 wherein: 
A = -CH 2 -, 
B = -CH 2 CH 2 -, 

Z = 3,4-benzopyrrolidine, 
5 R a = methyl , and 

R , R 4 , R 5 , and R 6 = hydrogen. 



28. A compound according to claim 1 wherein: 
A and B combined « -0-CH 2 CHCH 2 CH 2 CH 2 -, 

thereby forming a ring including A, N* 
5 and B, 

Z = not present, 
R° « methyl, and 

R 2 , R*, R 5 , and R 6 are independently selected 
from the group set forth above, with 
0 the proviso that R 2 , R 4 , R 5 , and R 6 are 

not hydrogen, alkyl, alkoxy or halogen. 



29. A compound according to claim 1 wherein: 
A = -CH 2 -, 




ifi ma. »' * hydrogen. 




|1i|f#ti«j3 .t#cordll^gfA«d^ti^wv:>i where i n t 
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31. A compound according to claim 1 wherein: 
A = -CH 2 -, 

B = -CH 2 -CH=C(X)-, wherein X is selected 
from hydrogen, lower alkyl, substituted 
5 alkyl , cycloalkyl, substituted 

cycloalkyl , hydroxyalkyl , halogen, 
tr if luoromethy 1 , cyano , cyanomethyl , 
nitro , carboxyl , carbamate , sulf onyl , 
sulfonamide, aryl, substituted aryl, 

10 alkylaryl, substituted alkylaryl, 

aryl alkyl, substituted arylalkyl, 
heter ocy cl ic , subst ituted heter ocycl ic , 
aryloxyalkyl, or -OR*, wherein R x is 
lower alkyl, or aryl, 

15 Z * lower alkyl, hydroxyalkyl, cyano, 

trif luoromethy 1 , cyanomethyl , nitro , 
carboxyl, carbamate, sulf onyl, aryl, 
sulfonamide, aryloxyalkyl, or -OR z , 
wherein R z is lower alkyl or aryl, 

20 R° = methyl, and 

R 2 , R 4 # R 5 , and R 6 = hydrogen. 



32. A compound according to claim 31, with the 
proviso that when X is -OR*, Z is not -OR 2 . 
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39. A compound according to claim 1 wherein: 
A = -CH(CH 3 )-, 

B = -(cyclopropyl)-, 
Z = hydrogen, 

R tt , R 2 f R 4 , R 5 , and R 6 = hydrogen. 

40. A compound according to claim 1 wherein: 
A « -CH 2 -, 

B « -(cyclopropyl)-, 
Z = hydrogen, 

R a = hydrogen or methyl, and 
R z , R 4 , R 5 , and R 6 = hydrogen. 

41. A compound according to claim 1 wherein: 
A = -CH 2 - , 

B = ~ CHgCl^CHg— , 

z = phenyl, 

R a — hydrogen or methyl, and 
R 2 , R 4 , R 5 , and R 6 « hydrogen. 
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42. A pharmaceutical composition comprising a 
compound of the structure: 



10 



wherein: 



15 



20 



25 



S6 



R* 

R 5 ^ ^ c« 



^\ C 3- A - f ~ B ~ Z 

R° 



I 

c 6 c 2 



A is a l, 2, 3, 4, 5 or 6 atom bridging species 
linking C 3 of the pyridine ring with N a , 

wherein A is selected from a straight 
chain or branched chain alkylene moiety 
having up to six atoms in the backbone 
thereof, or a substituted alkylene moiety, 
a straight chain or branched chain 
alkenylene moiety having up to six atoms in 
the backbone thereof, or a substituted 
alkenylene moiety, an alkynylene moiety 
having up to six atoms in the backbone 
thereof, or a substituted alkynylene moiety, 
^^:r f^f^^ ^«(#):- tfndftor 



mm^^fe tip 



35 




wfier^Tn A and B can optionally combine 
to form a monocyclic ring containing A, N* 
and B, wh rein at least one methyl en unit 
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40 



45 



50 



55 



60 



int rvenes between such ring and C 3 of th 
pyridine ring; 
B is a 1, 2, 3 or 4 atom bridging species linking 
N a with Z, 

wherein B is selected from a straight 
chain or branched chain alkylene moiety 
having up to f our atoms i n the backbone 
thereof, or a substituted alkylene moiety, 
a straight chain or branched chain 
alkenylene moiety having up to four atoms in 
the backbone thereof, or a substituted 
alkenylene moiety, an alkynylene moiety 
having up to four atoms in the backbone 
thereof, or a substituted alkynylene moiety, 
-0-, -C(O)-, -C(S)-, -N*(R*)-, -S-, -S(O)- 
and/or -S (O) 2 -containing alkylene moiety, 
wherein is hydrogen or a lower alkyl 
moiety; provided, however, that any 
heteroatom contained in B is separated from 
N° by at least 2 carbon atoms, and further 
provided that when B is a -C(0)- or -C(S)- 
containing alkylene moiety, at least one 
methylene unit intervenes between the -C(O)- 
c>?\ -Gi(£) - moiety aiid. , vT; and further 
. .. |^B/iaed ...-fcti&t , is V "^ \wd*h an 

Ja^iiyl or afckynyl ,fc<^f|^, and 

;^o: tf 6rA a monocyclic a, # 





eycloa: 

substituti^d 
aryi, 

ylaryl, arylaikyl, suBs 



arylalkenyl, 
arylalkynyl, 



substituted 
substituted 



^«yl, 
arylalkenyl , 
arylalkynyl , 
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75 



80 



85 



90 



95 




110 



heterocyclic, substituted heterocyclic, 
trif luoromethyl, cyano, cyanomethyl, nitro, 
carboxyl, carbamate, sulfonyl, sulfonamide, 
aryloxyalkyl, or -0R Z , wherein R* is 
hydrogen, lower alkyl or aryl, or 

z is not present when A and B cooperate 
to form a ring containing A, N* and B, or 
when R 8 and B cooperate to form a ring 
containing B, R* and n"; 
R* is selected from hydrogen or lower alkyl; and 
R 2 , R 4 , R 5 and*R 6 are each independently selected 
from hydrogen, alkyl, substituted alkyl, 
cycloalkyl, substituted cycloalkyl, alkenyl, 
substituted alkenyl, alkynyl, substituted 
alkynyl, aryl, substituted aryl, alkylaryl, 
substituted alkylaryl, arylalkyl, 
substituted arylalkyl, arylalkenyl, 
substituted arylalkenyl , arylalkynyl , 
substituted arylalkynyl, heterocyclic, 
substituted heterocyclic, trif luoromethyl, 
halogen, cyano, nitro; 

-S(0)R«, -S(0) 2 R\ -S(0) 2 OR' or 
-S(0) 2 NHR', wherein each R' is independently 
hydrogen, 1 owe alkyl, alkenyi, alkynyl or 
* W l f$?y|t|^ J»^ej^r. # .^t%h^n ft*, . M : , ft 5 
or R* is -s:(^).k? , R» if. no.t hy^g^ft; and 

imm : m<^' ! mt m*** i* em*yi or 

*i^yi, Itfe of upsa^uration is not 



wn. 



alkylaryl, subs ti tut d alkylaryl , arylalkyl, 
substituted 
substituted 



arylalkyl, 
arylalkenyl, 



arylalkenyl, 
arylalkynyl, 
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115 



120 



125 



130 



135 



140 



145 



substitut d arylalkynyl, h terocyclic, 
substituted heterocyclic or trif luoromethy 1 , 
provided, however, that the carbonyl 
functionality is hot conjugated with an 
alkenyl or alkynyl functionality; 

-OR 1 1 • or -NR 1 ■ % 2 , wherein each R 1 • • is 
independently selected from hydrogen, alkyl, 
substituted alkyl, cycloalkyl, substituted 
cycloalky 1 , alkenyl , substituted alkenyl , 
alkynyl, substituted alkynyl, aryl, 
substituted aryl, alkylaryl, substituted 
alkylaryl, arylalkyl, substituted arylalkyl , 
arylalkeny 1 , substituted arylalkeny 1 , 
arylalkynyl, substituted arylalkynyl, aroyl, 
substituted aroyl, heterocyclic, substituted 
heterocyclic, acyl, trif luoromethyl , 
alkylsulf onyl or arylsulfonyl, provided, 



however, that the -OR 1 



or 



-NR" 



functionality is not conjugated with an 
alkenyl or alkynyl functionality; 

-SR f • • 9 , wherein R 1 • • 1 is selected from 
hydrogen, alkyl, substituted alkyl, alkenyl, 
substituted alkenyl, alkynyl, substituted 
alkynyl, aryl, substituted- aryl, al'kyla,ry/l f 

aryi^ifk^l , ' 



eta 

su 




ffowovef 



alkenyl or 




pr vided, howev r, that the f 1 lowing compounds 
are excluded from the definiti n of F rmula I: comp unds 
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wherein A is -CH=CH-(CH 2 ) ,. 5 -CH 2 -, B is alkyl, z is H or 
absent, R* is H, and each of R 2 , R 4 , R 5 and R 6 are 
independently alkyl or halo; compounds wherein A is 
"(CHj)^-, B and R* combine to form a B, R a , N a ring such 
that B and R e together are C 4 Rj or CjR,,,, wherein R is 
hydrogen or alkyl, and Z is absent; compounds wherein A is 
-C(0)-(CH 2 ) 1 . 5 -, b is alkyl, z is absent or H, R* is H or 
alkyl, and each of R 2 , R 4 , R 5 and R* are alkyl or halo; 
compounds wherein A is -CH 2 -, B is -CH 2 - or -CH 2 -CH 2 -, Z is 
H, R a is -CH S or -CH 2 -CH 3 , and each of R 2 , R 4 , R 5 and R 6 are 
hydrogen; compounds wherein A is -CH 2 -, B is 
-CH 2 -CH (CH 3 ) -CH 2 -R, wherein R is para-tertiarybutylphenyl , 
Z is absent, R a is CH 3 or butyl, and each of R 2 , R 4 , R 5 and 
R 4 are hydrogen; compounds wherein A is -CH 2 -(CHR) n , wherein 
R is H or alkyl and n *= 0 or 1, B is -(CH 2 ) n -CHR-CH(X)-, 
wherein R is H, methyl or ethyl, X is phenyl or substituted 
aryl (substitution selected from halogen, alkyl or alkoxy) , 
and n = 0 or 1, z is phenyl or substituted aryl 
(substitution selected from halogen, alkyl or alkoxy) , R B is 
H or alkyl, and each of R 2 , R 4 , R 5 and R 6 are selected from 
hydrogen, alkyl or alkenyl; compounds wherein A is 
-CH(CHj)-, B is -CH Z - , -CH Z -C 6 H 4 - or -CH 2 -C 10 H 6 -, Z is 
hydrogen, -C^, or -C 10 H 7 , R* is CH 3 , and each of R 2 , R 4 , R 5 
and R 6 are hydrogen; compound*^ b is 

-m$-, z is wimm, # is -mBHk jsfeiHiS r r 2 . r\ 

R R ate hydrogen; P^CTJg M^^ ■ 9 
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43. Use of a compound having the structure: 



R* 



R« 



I 

R" 



B — Z 



10 wherein : 



15 



20 



25 



30 



35 



A is a 1 , 2 , 3, 4, 5 or 6 atom bridging species 
linking C 3 of the pyridine ring with n", 

wherein A is selected from a straight 
chain or branched chain alkylene moiety 
having up to six atoms in the backbone 
thereof, or a substituted alkylene moiety, 
a straight chain or branched chain 
alkenylene moiety having up to six atoms in 
the backbone thereof, or a substituted 
alkenylene moiety, an alkynylene moiety 
having up to six atoms in the backbone 
thereof, or a substituted alkynylene moiety, 
-0-, -C(O)-, -C(S)-, -S-, -S(0)- and/or 

ifcomsf^and^u^er .provided |fcat whe t n A is 
•jjfafr* ~ cojitja^ning alkylene 

m$i 

\ltiW&40to an alkeny,l,or 

to'form if monocyclic ring containing A, H* 
and B, wherein at 1 ast one methylene unit 
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40 



45 



50 



55 



60 




interven s betw en such ring and c 3 of th 
pyridine ring; 
B is a 1, 2, 3 or 4 atom bridging species linking 
N* with Z, 

wherein B is selected from a straight 
chain or branched chain alkylene moiety 
having up to four atoms in the backbone 
thereof, or a substituted alkylene moiety, 
a straight chain or branched chain 
alkenylene moiety having up to four atoms in 
the backbone thereof, or a substituted 
alkenylene moiety, an alkynylene moiety 
having up to four atoms in the backbone 
thereof, or a substituted alkynylene moiety, 
-O-, -C(O)-, -C(S)-, -N*(kV, -S-, -S(O)- 
and/or -S(0) 2 -containing alkylene moiety, 
wherein is hydrogen or a lower alkyl 
moiety; provided, however, that any 
heteroatom contained in B is separated from 
N a by at least 2 carbon atoms, and further 
provided that when B is a -C(0)- or -C(S)- 
containing alkylene moiety, at least one 
methylene unit intervenes between the -C(O)- 
or -G(S)- moiety and if; and further 
provided that fi* is not conjugated with an 
alkenyl or alkynyl robiety, and 

iiffit^n¥W combine 
to fdrfc a monocyclic ting containing B, R° 
and 



a 1lC Ittjju ifc 



substituted aryl, alkyiafyl, su^tit^ea 
alkylaryl, arylalkyl/ substituted ary laiicy 1 , 



arylalkenyl, 
arylalkynyl, 



substituted 
substituted 



arylalkenyl, 
arylalkynyl, 
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75 



80 



85 



90 



95 



100 



105 



R 2 , 



heterocyclic, substitut d h t r cyclic, 
trif luoromethyl, cyano, cyanomethyl , nitro, 
carboxyl, carbamate, sulfonyl, sulfonamide, 
aryloxyalkyl, or -0R Z , wherein R 2 is 
hydrogen, lover alkyl or aryl, or 

Z is not present when A and B cooperate 
to form a ring containing A, N a and B, or 
when R° and B cooperate to form a ring 
containing B, R* and N*; 
R* is selected from hydrogen or lower alkyl; and 
: A , R 5 and R 6 are each independently selected 
from hydrogen, alkyl, substituted alkyl, 
cycloalkyl, substituted cycloalkyl, alkenyl, 
substituted alkenyl, alkynyl, substituted 
alkynyl, aryl, substituted aryl, alkylaryl, 
substituted alkylaryl, arylalkyl, 
substituted arylalkyl , arylalkenyl , 
substituted arylalkenyl, arylalkynyl, 
substituted arylalkynyl , heterocyclic , 
substituted heterocyclic, trif luoromethyl, 
ha logen , cyano , nitro ; 

-S(0)R\ -S(0) 2 R\ -S(0) 2 OR l or 
-S(0) 2 NHR > , wherein each R f is independently 
hydrogen, lower alkyl, alkenyl, alkynyl or 
ary\; |rov«a> however, -^^. ^^^^ tW 
or R 6 Is -s|^ft ; * , R 1 is '^''^BHHKSfi^ 



alkynyl, " IBf "iffe of ^B^^^^^^Wl^ 




no 



alkylaryl , 
substituted 
substituted 



;uted 
arylalkyl, 
arylalkenyl, 



arylalkenyl, 
arylalkynyl, 



WO 96/31475 



PCT/US96/05078 



89 



115 



120 



125 



130 



135 



140 



145 



substituted arylalkynyl, heterocyclic, 
substituted heterocyclic or trif luoromethyl, 
provided, however, that the carbonyl 
functionality is not conjugated with an 
alkenyl or alkynyl functionality; 

-OR' • • or -NR' • » 2 , wherein each R» • • is 
independently selected from hydrogen, alkyl, 
substituted alkyl, cycloalkyl, substituted 
cycloalkyl, alkenyl, substituted alkenyl, 
alkynyl, substituted alkynyl, aryl, 
substituted aryl, alkylaryl, substituted 
alkylaryl, arylalkyl, substituted arylalkyl, 
arylalkenyl, substituted arylalkenyl, 
arylalkynyl, substituted arylalkynyl, aroyl, 
substituted aroyl, heterocyclic, substituted 
heterocyclic, acyl, trif luoromethyl, 
alkylsulfonyl or arylsulf onyl , provided, 
however, that the -OR'" or -NR' • « 2 
functionality is not conjugated with an 
alkenyl or alkynyl functionality; 

-SR« • ' • , wherein R« ■ ■ • is selected from 
hydrogen, alkyl, substituted alkyl, alkenyl, 
substituted alkenyl, alkynyl, substituted 
alkynyl, aryl, .sul»^^pt!^^>-..,a^4^^yl , 



substituted 

sMitu%id 




ar 



provided, howev r, that the foil wing compounds 
exclud d from the definition of Formula I: c mp unds 
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150 



160 



165 



175 



180 



wh r in A is -CH=CH-(CH 2 ) ^-CI^-, B is alkyl, Z is H or 

.5 „ _6 



absent , R" is H, and each of R fc , R 4 , R" and R" are 
independently alkyl or halo; compounds wherein A is 
-(CH 2 ),_ 5 -, B and R a combine to form a B, R a , N* ring such 
that B and R a together are C^Rg or C S R 10 , wherein R is 
hydrogen or alkyl, and Z is absent; compounds wherein A is 
-C(0)-(CH 2 ) V5 -, B is alkyl, Z is absent or H, R fl is H or 



2 4 

alkyl, and each of R , R , 



R 5 and R 6 are alkyl or halo; 



155 compounds wherein A is -CH 2 -, B is -CH 2 - or -CH 2 -CH 2 -, Z is 



H, R is -CH 3 or -CH 2 -CH 3 , and each of R , 



R 5 and R 6 are 



B 



hydrogen; compounds wherein A is -CH 2 ~, 
-CH 2 -CH(CH 3 )-CH 2 -R, wherein R is para-tertiarybuty lphenyl 



is 



Z is absent, R a is CH 3 or butyl, and each of R 2 , R 4 , 

% 6 



R~ and 

R° are hydrogen; compounds wherein A is -CH 2 -(CHR) n , wherein 
R is H or alkyl and n - 0 or 1, B is - ( CH 2 ) n -CHR-CH ( X ) - , 
wherein R is H, methyl or ethyl, X is phenyl or substituted 
aryl (substitution selected from halogen, alkyl or alkoxy) , 
and n « 0 or 1, Z is phenyl or substituted aryl 
(substitution selected from halogen, alkyl or alkoxy) , R a is 
H or alkyl, and each of R 2 , R 4 , R 5 and R 6 are selected from 
hydrogen, alkyl or alkenyl; compounds wherein A is 
-CH(CHj)-, B is -CH 2 -, -CH 2 -C 6 H 4 - or -CH 2 -C ia H 6 -, Z is 
hydrogen, -C^, or -C 10 H 7 , R a is CH 3 , and each of R 2 , R 4 , R 5 
170 and R 6 are hydrogen; compounds wherein A is -CH(CH 3 )-, B is 

, attd each of R 2 , R 4 , 



z i* M 

R 5 and R 6 are hyji 

is -CH 2 -CH 2 -[2,3- 
and R* is hydrogen, 



sue] 

and R are h 

yr 

each of k , 





wKere in A is -CH(CH 3 )-, B 
\k 6r benzyl, 

to form a B, R a , 
R ft together are 



frefn fe is methyl or 
ili of ft 2 , ft A , tl s 
s wherein A is 
^ 2 4ck ? -CiH (C^Hj) - or 
is hydrogen, arid 
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or a pharmaceutical ly acc ptable salt th r of in the 
manufacture of a medicament for modulating the activity of 
acetylcholine receptors. 

44. A method of modulating the activity of 
acetylcholine receptors, said method comprising: 

contacting cell-associated acetylcholine 
receptors with a sufficient concentration of a 
compound according to claim 1 to modulate the 
activity of said acetylcholine receptors. 

45. Method for treating Parkinson's disease, 
said method comprising administering a therapeutically 
effective amount of a compound according to claim 1 to a 
patient suffering from Parkinson's disease. 

46. Method for treating Alzheimer's disease, 
said method comprising administering a therapeutically 
effective amount of a compound according to claim 1 to a 
patient suffering from Alzheimer's disease. 



47. Method for treating dementia, said method 
comprising administering a therapeutically effective amount 
of a compound according to claim 1 to a patient suffering 

for controlling pain, said method 
S^^^rlng a pain-reducing amount of a 
aJ|o ci^im l to a patient suffering from 




o$ If or the preparation of compounds 
I having the structure I , wherein each 
'and R are as defin d atiov , said 



contacting an acyl pyridine of Formula II: 
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R* 

R 5 . Jc*. 



10 



R 6 ^ ^N 1 



II 



with a primary amine having the structure N*H 2 BZ under 
conditions suitable to produce an imine of Formula III: 



15 



20 



R 4 



R 
I 



'N — B — Z 



III 



reducing imine III to produce secondary amine IV: 



25 



R* R 
R> >C , ^ C4> ^G , ^ CS ^N — B — Z 

;i (i i 
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R* R 

35 | | 

^C 5 X C' N — B — Z 

I II I, 

40 ^CV C* 

R* ^N 1 ^ ^R J 

V. 



50. A method for the preparation of compounds 
according to claim 1 having the structure I, wherein each 
of A, B, Z, R a , R 2 , R 4 , R 5 , and R 6 are as defined above, 



said method comprising contacting pyridylamine VI 
5 with ketone VII under reductive amination conditions, 
wherein pyridylamine VI and ketone VII have the structures: 



R« 
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52. A method for the preparation of compounds 
according to claim 1 having the structure XIII, or amide 
derivatives thereof, wherein XIII has the structure: 
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53. A method for the preparation of compounds 
according to claim 1 having the structure XVT: 
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54. A method for the preparation of compounds 
according to claim 1 having the structure XIX, wherein XIX 
has the structure: 
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55. A method for the preparation of compounds 
according to claim, l having the structure X*X , wher e in .X*X 

-%$8< (the ;£^uofcime : 
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wherein each of A, B, Z, R% R 2 , R*, R 5 , and R 4 are 
as defin d above, 
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said method comprising subjecting ketone XXX to 
reductive amination conditions in the presence of 
substituted pyridine XVII, wherein ketone XXI and 
substituted pyridine XVII have the following structures: 
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56. A method for the preparation of compounds 
according to claim 1 having the structure I, wherein each 
of A, B, Z, R", R 2 , R*, R 5 , and R 6 are as defined .above, .said 
method comprisi'rig 
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(54) Treatment of neurodegenerative diseases. 

@ The use in the treatment of neurodegenerative disease is described of a substituted nicotine 
compound having the formula (1) : 
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BACKGROUND OF THE INVENTION 

The present inv ntion relates to a method for treating patients having neurodegenerativ diseas f and 
in particular, to a method for treating patients suffering from those diseases which cause a cholin rgic d f icit 

5 Senile dementia of the Alzheimer's type (SDAT) is a debilitating neurodegenerative disease, mainly af- 
flicting the elderly; characterized by a progressive intellectual and personality decline, as well as a loss of mem- 
ory, perception, reasoning, orientation and judgment One feature of the disease is an observed decline in the 
function of cholinergic systems, and specifically, a severe depletion of cholinergic neurons (i.e., neurons that 
release acetylcholine, which is believed to be a neurotransmitter involved in learning and memory mecha- 

10 nisms). See, Jones, et al., Intern. J. Neurosci., Vol. 50, p. 147 (1990); Perry, Br. Med. Bull.. Vol. 42, p. 63 (1986) 
and Sitaram, et al. , Science, Vol. 20 1 , p. 274 (1 978). It has been observed that nicotinic acetylcholine receptors, 
which bind nicotine and other nicotinic agonists with high affinity, are depleted during the progression of SDAT. 
See, Giaoobini, J. Neurosci. Res.. Vol. 27, p. 548 (1990); and Baron, Neurology, Vol. 36, p. 1490 (1986). As 
such, it would seem desirable to provide therapeutic compounds which either directly activate nicotinic recep- 

15 tors in place of acetylcholine or act to minimize the loss of those nicotinic receptors. 

Parkinson's disease (PD) is a debilitating neurodegenerative disease, presently of unknown etiology, char- 
acterized by tremors and muscular rigidity. A feature of the disease appears to involve the degeneration of do- 
paminergic neurons (i.e., which secrete dopamine). One symptom of the disease has been observed to be a 
concomitant loss of nicotinic receptors which are associated with such dopaminergic neurons, and which are 

zo believed to modulate the process of dopamine secretion. See, Rinne, et al., Brain Res.. Vol. 54, pp. 167-170 
(1991) and Clark, et al., Br. J. Pharm.. Vol. 85, pp. 827-835 (1985). 

Certain attempts have been made to treat SDAT. For example, nicotine has been suggested to possess 
an ability to activate nicotinic cholinergic receptors upon acute administration, and to elicit an increase in the 
number of such receptors upon chronic administration to animals. See, Rowell, Adv. Behav. Biol.. Vol. 31, p. 

25 191 (1987); and Marks, J. Pharmacol. Exp. Then. Vol. 226, p. 817 (1983). Other studies indicate that nicotine 
can act directly to elicit the release of acetylcholine in brain tissue, to improve cognitive functions, and to en- 
hance attention. See, Rowell, et al., J. Neurochem., Vol. 43, p. 1593 (1984); Hodges, et al., Bio, of Nic. Edit 
by Lippiello, et al., p. 157 (1991); Sahakian, et al., Br. J. Psych., Vol. 154, p. 797 (1989); and U.S. Patent No. 
4,965,074 to Leeson. 

so It would be desirable to provide a method for treating neurodegenerative diseases, such as SDAT and PD, 
by administering a nicotinic compound to the patient suffering from such disease. 

SUMMARY OF THE INVENTION 



35 The present invention relates to a method for the treatment of a neurodegenerative disease. The method 
involves treating a patient suffering from such disease (e.g., SDAT or PD) with an effective amount of a nicotine 
compound having ft least one substituent group other than hydrogen on the pyrindine ring thereof, and/or at 
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where R represents H or alkyl, such as straight chain or branched alkyl (e.g., C t - C 5l or other lower alkyi); R 1 
represents a substituent other than hydrogen (e.g., alkyl, such as lower straight chain or branched alkyl, in- 
cluding C t - Cj)\ and X is a substituent other than hydrogen (e.g., halo, such as F, CI, Br or I; or alkyl, such as 
lower straight chain or branched alkyl, including C t - C?). One or more of the carbon atoms of the pyridine ring 
and/or one or more of the pyrolidine ring can include substituent groups other than hydrogen (e.g., halo or alkyl 
substituents in the case of the pyridine ring; and alkyl substituents in the case of the pyrolidine ring). As such, 
n is an integer which can range from 0-4 and m is an integer which can range from 0-3, provided that n plus 
m equals at least 1. Preferably, the nicotine compound is a 5-substituted and/or 4 1 -substituted nicotine com- 
pound. Preferably, R is methyl. See, Registry Nos. 35286-36-3 and 64635-65-1 . See, also, Leete, Phytochem. , 
Vol.10, p. 2687 (1971); Rondahl, Acta Pharm. Suec. , Vol. 14,p. 113(1977); U.S. Patent No. 4,321 ,387 to Chav- 
darian, et al. and U.S. Patent No. 4,332,945 to Edwards, which are incorporated herein by reference. The com- 
pounds can be employed as racemic mixtures or as enantiomers. 

The manner in which the compounds are administered can vary. The compounds can be administered by 
inhalation; in the form of an aerosol either nasally or using delivery articles of the type set forth in U.S. Patent 
Nos. 4,922,901 to Brooks, et al. and 5,099,861 to Clearman et al.; orally (e.g., in liquid form within a solvent 
such as an aqueous liquid, or within a solid carrier); intravenously (e.g., within a saline solution); or transder- 
mal^ (e.g., using a transdermal patch). Exemplary methods for administering such compounds will be apparent 
to the skilled artisan. Certain methods suitable for administering compounds useful according to the present 
invention are set forth in U.S. Patent No. 4,965,074 to Leeson. The administration can be intermittent, or at a 
gradual, continuous, constant or controlled rate to a warm-blooded animal, such as a human being or other 
mammal. 

The dose of the compound is that amount effective to treat the neurodegenerative disease from which the 
patient suffers. By "effective amounf or "effective dose" is meant that amount sufficient to pass across the 
blood-brain barrier of the patient, to bind to relevant receptor sites in the brain of the patient, and to elicit neu- 
ropharmacologies! effects (e.g., elicit neurotransmitter secretion, thus resulting in effective treatment of the 
disease). Treatment of a neurodegenerative disease involves a decrease of symptoms of the particular dis- 



Fbr human patients, the effective dose of typical com 




have the ability to act as nicotinic agonists. The receptor binding constants of typical compounds useful In car- 
rying ut the present invention generally exceed about 1 nM, often exceed about 200 nM, and frequently ex- 
ceed about 500 nM. The receptor binding constants f such typical compounds generally are less than about 
10 uM, often are less than about 7 uM, and frequently are less than about 2 uM. Receptor binding constants 
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provide a measure of the ability of the compound to bind to half of th relevant receptor sites of certain biain 
cells of the patient See, Cheng, t al., Biochem. Pharmacol., Vol. 22, pp. 3099-3108 (1973). 

The compounds useful according to th method f the present invention have the ability to demonstrate 
a nicotinic function by effectively eliciting n u retransmitter secretion from nerve ending preparations (i. ., syn- 
5 aptosomes). As such, such compounds have the ability to cause relevant neurons to release or secrete acet- 
ylcholine, dopamine, and other neurotransmitters. Generally, typical compounds useful in carrying out the 
present invention provide for the secretion of dopamine in amounts of at least about 5 percent often at least 
about 25 percent and frequently at least about 50 percent of that elicited by an equal molar amount of S(-) 
nicotine. 

10 The following example is provided in order to further illustrate various embodiments of the invention but 
should not be construed as limiting the scope thereof. Unless otherwise noted, all parts and percentages are 
by weight 

Example 1 

15 

Mice (DBA strain) were maintained on a 12 hour light/dark cycle and were allowed free access to water 
and food supplied by Wayne Lab Blox, Madison, Wl. Animals used in the present studies were 60 to 90 days 
of age and weighed 20 to 25 g. Brain membrane preparations were obtained from pooled brain tissue of both 
males and females. 

20 Mice were killed by cervical dislocation. Brains were removed and placed on an ice-cold platform. The cer- 
ebellum was removed and the remaining tissue was placed in 10 volumes (weightvolume) of ice-cold buffer 
(Krebs-Ringers HEPES:Nad, 118 mM; KCI, 4.8 mM; CaCI* 2.5 mM; MgS0 4 . 1.2 mM; HEPES, 20 mM; pH to 
7.5 with NaOH) and homogenized with a glass-Teflon tissue grinder. The resulting homogenate was oentrif- 
uged at 18000 x g for 20 min. and the resulting pellet was resuspended in 20 volumes of water. After 60 min. 

25 incubation at 4°C, a new pellet was collected by oentrifugation at 18000 x g for 20 min. After resuspension in 
10 volumes of buffer, a new final pellet was again collected by oentrifugation at 18000 x g for 20 min. Prior to 
each oentrifugation step, the suspension was incubated at 37°C for 5 min. to promote hydrolysis of endogenous 
acetylcholine. The final pellet was overlayered with buffer and stored at - 70°C. On the day of the assay, that 
pellet was thawed, resuspended in buffer and centrifuged at 1 8000 x g for 20 min. The resulting pellet obtained 

so was resuspended in buffer to a final concentration of approximately 5 mg protein/ml. Protein was determined 
by the method of Lowry, et at, J. Biol. Chem.. Vol. 193, pp. 265-275 (1951), using bovine serum albumin as 
the standard. 

The binding of L-FH]niootine was measured using a modification of the method of Romano, et al., Science. 
Vol. 210, pp. 647-650 (1980) as described previously by Marks, et al., Mol. Pharmacol.. Vol. 30, pp. 427-436 
35 (1 986). The binding of L-PH]nicotine was measured using a 2 hr. incubation at 4°C. Incubations contained about 
500 tig of protein and were conducted in 12 mm x 75 mm polypropylene test tubes in a final incubation volume 




from Spragufr-Dawi y rats generally according to the procedures set forth by Nagy, et al., J. Neurochem., Vd. 
43, pp. 1114-1123 (1984). Striata from 4 rate were homogenized in 2 ml of 0.32M sucrose buffered with 5 mM 
HEPES (pH 7.5), using a glass-teflon tissue grinder. The homogenate was diluted to 5 ml with additional ho- 
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mogenization solution and centrifuged at 1000 x g for 10 min. This proc dure was repeated on the n w pellet 
and the resulting supernatant was centrifuged at 12,000 x g for 20 min. A 3 layerdisoontinuous Perooll gradient 
consisting of 16 p rcent, 10 percent and 7.5 percent Percoll in HEPES-buf fared sucrose was made with the 
final pellet dispersed in the top layer. After c ntrifugation at 15,000 x g for 20 min., the ynaptosome were 

5 recovered above the 16 percent layer with a pasteur pipette, diluted with 8 ml of perfusion buffer (128 mM 
NaCI, 2.4 mM KCI, 3.2 mM Cad* 1-2 mM KhfePO*, 1.2 mM MgS0 4 , 25 mM HEPES pH 7.4, 10 mM dextrose, 
1 mM ascorbate, 0.01 mM pargyline), and centrifuged at 15,000 x g for 20 min. The new pellet was collected 
and re-suspended in perfusion buffer. The synaptosome suspension was incubated for 10 min. at 37°C. Then 
PHJ-dopamine (Ameisham, 40-60 Ci/mmol) was added to the suspension to give a final concentration of 0.1 

10 jiM in suspension, and the suspension was incubated for another 5 min. Using this method, 30 to 90 percent 
of the dopamine was taken up into the synaptosomes, as determined by scintillation counting following filtration 
through glass fiber f flters soaked with 0.5 percent polyethyleneimine. A continuous perfusion system was used 
to monitor release following exposure to each ligand (i.e., 5-f luoroniootine, 5-bromonicotine, 4 1 -methy1nicotine, 
5 1 -methyl nicotine, and 5-methyinicotine). Synaptosomes were loaded onto glass fiber filters (Gelman type 

15 A/E). Perfusion buffer was dripped onto the filters (0.2 - 0.3 ml/min.) and pulled through the filters with a peri- 
staltic pump. Synaptosomes were washed with perfusion buffer for a minimum of 20 min. before addition of 
the ligand. After the addition of a 0.2 ml of a 20 nM solution of ligand, the perfusate was collected into scintil- 
lation vials at 1 min. intervals and the dopamine released was quantified by scintillation counting. Peaks of 
radioactivity released above background were summed and the average basal release during that time was 

20 subtracted from the total. Release was expressed as a percentage of release obtained with an equal concen- 
tration of S(-) nicotine. 

Data regarding octanol-water partition coefficients, binding constants and neurotransmitter secretion ca- 
pability for the ligands evaluated are set forth in Table I. 
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10 where R represents H or alkyl, R 1 represents alkyl, X represents halo or alkyl, n represents an integerfrom 

0-4 and m represents an integerfrom 0-3, provided that n plus m equals at least 1. 

2. The use of Claim 1 in which the neurodegenerative disease Is senile dementia of the Alzheimer's type. 

15 3. The use of Claim 1 in which the neurodegenerative disease is Parkinson's disease. 

4. The use of any preceding claim in which the compound of formula (1) is a halo-substituted nicotine com- 
pound. 



5. The use of any preceding claim in which the compound of formula (1) is a ^-substituted nicotine com- 
pound. 

6. The use of any preceding claim in which the treatment comprises administering to the patient an amount 
of the compound of formula (1) which is at least about 5 pg/kg patient weight, but does not exceed about 
150 tig/kg patient weight. 

7. The use of Claim 4 in which the compound of formula (1 ) is 5-f luoronicotine. 

8. The use of Claim 5 in which the compound of formula (1) is 4 1 -methyinicotine. 

30 9. The use of any of Claims 1 to 5 in which the treatment comprises administering the compound of formula 
(1) in an amount of at least 0.1 0 mg/hr/patient, but in an amount which does not exceed about 1 0 mg/hr/pa- 
tient 



10. The use of any preceding claim in which R is hydrogen or Ci - C& alkyl; R 1 is C t - C7 alkyl, and X is halo 
or d -C7 alkyl. 
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DETAILED ACTION 

This office action is in response to the amendment filed on February 23, 2001. 
Claims 15-26 are pending in this application. 

The following rejections are withdrawn: 

The rejection under 35 U.S.C 1 12, second paragraph of the previous office action is 
hereby withdrawn in view of the amendments. 

The following rejections are maintained: 

Claim Rejections - 35 U.S.C. § 103 

Claims 15-16, 18, 21-24 and 26 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Caldwell et al., U.S. Patent No. 5,212,188 for the reasons provided in the previous office 
action which are incorporated herein by reference. 

Claims 15-26 are rejected under 35 U.S.C. 103(a) as being unpatentable over Dull et al, 
U.S. Patent No. 5,597,919 for the reasons provided in the previous office action which are 
incorporated herein by reference. 

Applicant's arguments have been folly considered but they were not deemed to be 
persuasive. Applicant first argues that a prima facie case of obviousness has not been established. 
Applicant's attention is directed to the structural formulae disclosed in each of the references and 
further, to the exemplified compounds. The instant claims differ by requiring that 'at least one of 
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